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PROJECT  DESCRIPTION 


OVERVIEW 

The  Tongue  River  Dam  and  Reservoir  are  located  in  the 
southeast  panhandle  of  Big  Horn  County  northeast  of  Decker, 
Montana  (see  Figures  1,  2  and  3).  The  upper  end  of  the  reservoir  is 
approximately  5  miles  north  of  the  Montana-Wyoming  state  line. 
The  dam  itself  is  approximately  15  miles  north  of  the  state  line, 
just  south  of  the  Big  Horn-Rosebud  county  line. 

The  dam  is  owned  by  the  Montana  Department  of  Natural 
Resources  and  Conservation  (DNRC)  and  is  managed  by  the  State 
Water  Projects  Bureau  (SWPB)  of  the  DNRC.  The  Tongue  River 
Water  Users  Association  (herein  called  the  "association")  operates 
and  maintains  the  dam. 

DNRC  owns  the  land  upon  which  the  dam  is  situated. 
DNRC  either  owns  the  land  or  owns  flood  easements  for  the  land 
inundated  by  the  reservoir.  In  addition.  DNRC  owns  or  controls 
the  land  underlying  the  access  road  from  Highway  314  to  the  dam. 

Construction  of  the  Tongue  River  Dam  was  completed  in 
1940  by  the  Montana  State  Water  Conservation  Board.  In  1978,  a 
flood  discharging  less  than  10%  of  the  rated  spillway  capacity  did 
approximately  $1,000,000  damage  to  the  spiUway.  Between  that 
flood  and  1999,  the  reservoir  was  operated  conservatively  to  reduce 
use  of  the  spillway. 

From  1996  to  1999,  DNRC  undertook  a  major  rehabilitation 
of  the  60-year  old  dam  to  bring  it  Into  compliance  with  current 
dam  safety  standards.  The  rehabilitation  included  raising  the 
reservoir  full-pool  level  by  four  feet.  A  new  primary  and  an 
emergency  spillway  were  constructed.  A  new  outiet  tunnel  and 
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gate  system  was  constructed,  and  the  existing  outlet  works  were 
rehabilitated  to  act  as  an  auxiliary  outlet  system. 

Water  from  the  reservoir  is  used  primarily  to  irrigate  lands 
downstresim  all  the  way  to  the  confluence  of  the  Tongue  and 
Yellowstone  Rivers  at  Miles  City,  Montana.  In  addition  to  water 
contracts  for  irrigation,  the  reservoir  holds  a  minor  amount  of 
industrial  water  (coal  mines)  and  supplies  some  water  to  the  fish 
hatchery  at  Miles  City.  The  new  water  stored  as  a  result  of  the 
rehabilitation  is  used  to  supply  a  portion  of  the  Northern  Cheyenne 
Tribe's  federally  reserved  water  right.  E^ren  though  the  reservoir  is 
relatively  small  compared  to  the  size  of  the  drainage  basin,  some 
flood  control  benefits  do  accrue  to  the  project.  Over  the  past 
several  decades,  fishing  and  flat-water  recreation  at  the  reservoir 
have  become  increasingly  important. 


EMBANKMENT 

The  earthfiU  dam  is  93  feet  high  and  approximately  1,824 
feet  long  with  a  35.5  feet  wide  crest.  The  reservoir  has  an  active 
storage  of  79,071  acre-feet  (af)  at  the  spillway  crest. 


OUTLET  WORKS 

The  dam  has  two  low-level  outlet  conduits  ~  a  primary  and 
an  auxiliary  outlet  works.  Both  outlet  works  are  located  in  the  left 
abutment.  The  gates  are  hydraulically  operated  from  control 
panels  located  at  the  top  of  each  tower  In  the  gatehouse.  The 
hydraulic  system  can  be  operated  manually  if  necessary.  The 
maximum  combined  capacity  of  the  two  outlet  works  is  3,245  cfs 
at  normal  fuU  pool  (elevation  3,428.4  feet).  The  actual  low-level 
outlet  capacity  is  approximately  10%  greater  than  the  calculated 
capacity. 
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There  are  bulkhead  gates  for  each  of  the  low-level  outlet 
conduits  for  closing  ofif  the  portion  of  the  outlet  conduits  upstream 
from  the  gates.  The  bulkhead  gates  can  be  installed  Into  gate  slots 
In  the  downstream  side  of  the  intake  towers  by  a  crane.  The 
bulkhead  gates  are  stored  on  site. 

Primary  Outlet  Works:  The  primary  low-level  outlet 
conduit  was  tunneled  through  the  left  abutment  as  part  of  the  dam 
rehabilitation  project  and  is  located  about  200  feet  to  the  left  of  the 
auxiliary  low-level  outlet  conduit.  The  primary  outlet  has  a 
calculated  capacity  of  1.642  cfs  with  the  reservoir  at  the  spillway 
crest  elevation  of  3,428.4  feet. 

The  primary  outlet  consists  of  a  rectangular  reinforced 
concrete  drop  inlet  structure,  then  a  nine-foot  diameter  circular 
reinforced  concrete  conduit  approximately  278  feet  long,  the  gate 
chamber  with  a  4.5-foot  by  7.5-foot  fixed-wheel  emergency  gate 
and  a  4.5-foot  by  7.5-foot  bonneted  slide  operating  gate,  then  a 
nine-foot  diameter  straight  legged  horseshoe  shaped  conduit 
approxtcoately  389  feet  long,  followed  by  a  flipbucket  energy 
dissipater  and  then  a  rock  Uned  stiUing  basin.  The  intake 
structure  has  trash  racks  on  three  sides  and  the  top.  There  is  a 
gate  slot  at  the  transition  from  the  Intake  tower  to  the  conduit  for 
the  installation  of  a  nine-foot  square  bulkhead  gate.  There  is  also 
a  fill  pipe  located  just  downstream  from  the  bulkhead  gate  slot  for 
filling  the  upstream  portion  of  the  tunnel  sifter  it  has  been 
dewatered. 

The  emergency  gate  tower  Is  a  wet  tower  when  the  fixed- 
wheel  gate  is  in  the  open  position.  The  fixed-wheel  gate  is  an 
upstream  seeding  gate,  such  that  when  the  gate  is  in  the  closed 
position,  the  tower  is  dry.  The  fixed-wheel  gate  is  intended  to  be 
operated  in  either  the  fully  open  or  fully  closed  position  and 
not  used  to  throttle  flows. 
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The  operating  gate  tower  is  a  dry  tower.  TTie  operating  gate 
is  a  bonneted  slide  gate  located  in  the  bottom  of  the  tower.  There 
is  a  drainpipe  located  in  the  bottom  of  the  tower  so  that  any 
seepage  that  should  enter  the  tower  will  be  drained  into  the 
downstream  portion  of  the  low-level  outlet  conduit. 

Tlie  air  vent  for  the  gates  consists  of  three  two-foot  diameter 
pipes,  which  enter  the  low-level  outlet  conduit  just  downstream 
from  the  gate  chamber. 

Aivdliaiy  Outlet  Works:  The  auxiliary  low-level  outlet  was 
the  original  low-level  outlet  conduit  and  was  also  tunneled  through 
the  left  abutment.  The  auxiUsiry  outlet  has  a  calculated  capacity  of 
1,603  cfs  with  the  reservoir  at  the  spillway  crest  elevation  of 
3.428.4  feet. 

The  auxiliary  low-level  outlet  consists  of  a  rectangular 
reinforced  concrete  drop  inlet  structure,  then  a  stxteen-foot 
diameter  modified  horseshoe  shaped  reinforced  concrete  conduit 
approximately  245  feet  long,  the  gate  chamber  with  a  4.5-foot  by 
7.0-foot  fixed-wheel  emergency  gate  and  a  4.5-foot  by  7.0-foot  cast 
iron  sluce  operating  gate,  then  a  sixteen-foot  diameter  modified 
horseshoe  shaped  conduit  approximately  520  feet  long,  followed  by 
a  flipbucket  energy  dissipater  and  then  a  rock  lined  stilling  basin. 
The  intake  structure  has  trash  racks  on  three  sides  and  the  top. 
Tliere  is  a  gate  slot  in  the  intake  tower  for  the  installation  of  two 
10-foot  wide  by  37-foot  high  bulkhead  gates.  There  is  a  2-foot 
squeire  sluce  gate  located  in  one  of  the  bulkhead  gates  for  filling 
the  upstream  portion  of  the  tunnel  after  it  has  been  dewatered. 

The  emergency  gate  tower  is  a  wet  tower  when  the  fixed- 
wheel  gate  is  in  the  open  position.  The  fixed-wheel  gate  is  an 
upstream  sealing  gate,  such  that  when  the  gate  is  in  the  closed 
position,  the  tower  is  dry.  The  fixed-wheel  gate  is  intended  to  be 
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operated  in  either  the  fully  open  or  fully  closed  position  and 
not  used  to  throttle  flows. 

The  operating  gate  tower  Is  a  wet  tower.  The  operating  gate 
is  a  cast  iron  sluce  gate,  with  the  hoist  located  at  the  top  of  the 
tower.  The  sluce  gate  has  a  tendency  to  vibrate  when  In  operation 
at  different  openings  at  different  heads.  The  gate  should  be 
operated  so  that  the  gate  does  not  vibrate. 

The  air  vent  for  the  gates  consists  of  a  three-foot  diameter 
pipe,  which  enters  the  low-level  outlet  conduit  Just  downstream 
from  the  gate  chamber. 


SPILLWAYS 

The  dam  has  a  principal  and  an  emergency  spillway.  Rating 
curves  and  tables  for  the  two  spillways  are  included  In  Appendix  B. 

Principal  Spillway:  The  principal  spillway  is  a  four-cycle 
labyrinth  weir  with  an  effective  crest  length  of  668  feet  Inside  of  a 
150-foot  wide  chute  that  tapers  to  100  feet  wide  ending  in  a 
flipbucket.  The  spillway  crest  is  at  elevation  3,428.4  feet.  The 
primary  spillway  has  a  design  capacity  of  38,800  cfs  at  elevation 
3,440.0  feet  and  50,000  cfs  at  the  dam  crest  elevation  of  3,444.0 
feet. 

Emergency  Spillway:  The  emergency  spillway  is  an 
uncontrolled  chute  located  over  the  center  of  the  dam.  It  consists 
of  a  650-foot  wide  straight  chute  with  an  ogee  crest,  a  stepped 
chute  and  finally  a  stilling  basin.  It  is  constructed  of  roller 
compacted  concrete  (RCC)  with  precast  concrete  facing  panels  and 
conventional  reinforced  concrete  on  top  of  each  step.  The  crest  is 
at  elevation  3.431.5  feet.  The  energy  from  the  flowing  water  is 
dissipated  by  the  cascading  effects  of  the  concrete  steps,  and  any 
remaining  energy  is  dissipated  in  the  RCC  stilling  basin  at  the  toe 
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of  tlie  dam.  The  spillway  is  designed  to  begin  flowing  at  flows 
greater  than  the  100-year  flood  event.  The  spiUway  has  a  design 
capacity  of  61,200  cfs  at  elevation  3.440.0  feet  and  109.200  cfs  at 
the  dam  crest  elevation  of  3,444.0  feet. 


DRAINS 

There  are  a  nimiber  of  drains  that  have  been  Installed  in  cmd 
around  the  dam. 

Original  Toe  Drain:  The  original  toe  drain  is  located  along 
the  toe  of  the  dam  and  originally  exited  into  the  old  river  channel. 
The  drain  has  been  rerouted  to  the  right  flume  (9"  ParshaU)  in  the 
flume  vault  building  and  then  discharges  into  the  original  river 
channel. 

Principal  Spillway  Drains:  The  principal  spillway  has  four 
drains.  There  is  a  12-inch  perforated  drain  along  the  outside  wall 
on  each  side  of  the  spillway.  The  right  12-inch  drain  exits  through 
the  end  waU  into  the  tallrace  channel.  The  lefl;  12-inch  drain  exits 
on  the  slope  above  the  outlet  access  area,  and  then  flows  above 
ground  to  a  catch  basin  near  the  primary  outlet  portal. 

A  15-inch  perforated  drain  is  along  the  downstream  toe  of 
the  clinker  in  the  lefl:  abutment  This  drain  flows  through  a 
measuring  flume  (12"  Palmer-Bowlus)  in  the  outlet  access  area, 
and  then  discharges  into  the  auxiliary  outlet  fllpbucket.  NormaUy 
this  drain  is  dry. 

There  is  also  a  6-inch  drain  located  under  the  flip  bucket  of 
the  spillway  to  drain  a  coal  seam.  This  drain  exits  through  the  end 
wall  into  the  tallrace  channel  at  elevation  3,350  feet.  The  drain 
outlet  is  normally  submerged. 
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Emergency  Spillway  Drains:  The  emergency  spillway  has 
two  drains.  One  drain  Is  a  15-lnch  lateral  grid  type  drain  under 
the  stilling  basin  which  exits  to  the  left  flume  (9"  Parshal)  In  the 
flume  vault  building,  and  then  discharges  Into  the  original  river 
channel.  There  is  a  manhole  and  a  cleanout  on  each  side  of  the 
spillway  for  servicing  and  inspecting  the  drain. 

The  second  drain  (12  inch)  is  under  the  lower  portion  of  the 
emergency  spillway  and  exits  into  the  middle  flume  (12"  Palmer- 
Bowlus)  in  the  flume  vault  building,  and  then  discharges  Into  the 
original  river  channel.  This  drain  acts  as  a  safety  backup  to  the 
15-lnch  drain,  and  is  typically  diy.  There  have  been  no  recorded 
flows  since  construction  in  1998.  There  is  a  manhole  on  each  side 
of  the  spillway  for  servicing  and  inspecting  the  drain. 
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Figure  2.  Tongue  River  Reservoir  Vicinity  Map 
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STATISTICAL  INFORMATION 


1.     General 

a.  Owner 


b.  Operator 

c.  Location 


d.  Latitude 
Longitude 

e.  County -State 

f.  Watershed  Location 

g.  Drainage  Area 


Montana  Department  of 
Natural  Resources  and 
Conservation  (DNRC) 

Tongue  River  Water  Users 
Association 

Section  13  Township  8  South 
Range  40  East  and  Section  18 
Township  8  South  Range  41 
East 

45°  07'  48" 
106°  46*  06" 

Big  Horn  -  Montana 

Tongue  River.  Yellowstone 
River  Basin 

1,760  square  miles 
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2.     Principal  Elevation  (feet  above  sea  lejcl) 

a.  Maximum  Dam  crest 


b.  Settled  Dam  Crest 

c.  Auxiliary  SpUlway  Crest 

d.  Principal  Spillway  Crest 

e.  Normal  FuU  Pool 

f.  Inlet  Structure  Top  Elevation 

Primary 
Auxiliary 


3.444.0  feet 
3.444.0  feet 
3,431.5  feet 
3,428.4  feet 
3.428.4  feet 


g.  Grillage  Invert 
Primary 
AiJxiLlary 

h.  Bottom  of  Inlet  Structure 
Primary 
Auxiliary 


3.390.0  feet 

3.390.1  feet 

3.375.0  feet 

3.375. 1  feet 

3.360.2  feet 
3,355.0  feet 
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3.     Reservoir 

a.  Length  of  Normal 
Full  Pool  (approx.) 

b.  Surface  Area 

(at  full  pool) 


8  miles 
3.700  acres 


4.     Storage 

a.  Total  Storage 

(at  dam  crest) 

b.  Active  Storage 

(at  spillway  crest) 

c.  Surcharge  Storage 

d.  Dead  Storage 


127.655  acre-feet 

79.071  acre-feet 

48,584  acre-feet 
711  acre-feet 


5.     Hydrology 

100-year  Peak  Inflow  15.070  cfs 

Outflow  Design  Flood  100.000  cfs 

(pool  at  3,440.0  feet) 

Probable  Maximum  Flood 
Simimer  108.200  cfs 

Spring  382.000  cfs 

Max.  Combined  SpiUway        159.200  cfs 
Capacity  (pool  at  dam  crest) 


6. 


Embankment 

a.  Type 

Zoned  earthfill 

b.  Maximum  Height 

93  feet 

c.  Crest  Length 

1.824  feet 

d.  Crest  Width 

35  feet 

e.  Downstream  Slope 

Iv  on  2.25h  slope  from  crest 

down  to  a  40-foot  wide  berm 

at  elevation  3.392.4.  Iv  on 

2.25h  slope  down  to  a  60-foot 

wide  berm  at  elevation 

3.384.4.  and  Iv  on  3h  slope  to 

the  toe 
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f.    Upstream  Slope 


Iv  on  3h  with  33-foot  berm  at 
elevation  3,384.4  feet 


7.     Primary  Outlet  Works 

a.  Inlet  Structure 

Size 
Height 
Trash  Racks 
Bulkhead  Gate 

b.  Tunnel 

Upstream  of  Gates 

Downstream  of  Gates 


c.  Gate  Tower 

Type 

Size 

Height 

Top  Floor  Elevation 

Maintenance  Pit  Elevation 

Bottom  Floor  Elevation 

Invert  Elevation 

Air  Vents 
Operating  Gate  Well 
Emergency  Gate  Well 

d.  Gates 

Emergency  Gate 

Float  Switch  Elevation 

(emergency  gate) 
Operating  Gate 

Control 


e.  Capacity 

f.  Tunnel  Exit 

Width 
Drain 
Flipbucket  End  Elevation 


22.67  feet  X  25  feet 
29.75  feet 

On  front,  both  sides  and  top 
9  feet  wide  x  9  feet  high 

Circular  reinforced  concrete 
pipe,  9  feet  diameter 
Straight  legged  horseshoe 
reinforced  concrete,  9  feet 
wide  X  9  feet  high 

Wet  upstream  well  and  dry 
downstream  tower 
21.33  feet  X  13  feet 
85.3  feet 
3,445.5  feet 
3,433.5  feet 
3,375.7  feet  + 
3,360.2  feet 

Three  24  inch  diameter  vents 
One  18  inch  diameter  vent 

Fixed  wheel  gate,  4.5  feet  wide 
by  7.5  feet  high 
3,395.0  feet 

Bormeted  slide  gate,  4.5  feet 
wide  by  7.5  feet  high 
Hydraulic  operator  with 
manual  override  system 

1,642  cfs  (design) 

9  feet 

8-inch  diameter  with  flap  gate 

3358.5  feet 
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8.     Auxiliary  Outlet  Works 

a.  Inlet  Structure 

Size 
Height 
Trash  Racks 
Bulkhead  Gate 

b.  Tunnel 


29.5  feet  x  26  feet 

35.5  feet 

On  front,  both  sides  and  top 

10  feet  wide  x  37  feet  high 

16-foot  diameter  horseshoe- 
shaped,  reinforced  concrete 
tunnel  fboth  upstream  and 
downstream  of  the  gate 
chamber) 


c.   Gate  Tower 

Type 

Wet  upstream  well  and  wet 

downstream  well 

Size 

12  feet  X  17.5  feet  (approx.) 

Height 

89.35  feet 

Top  Floor  Elevation 

3.445.5  feet 

Maintenance  Pit  Elevation 

3,433.5  feet 

Invert  Elevation 

3,356.15  feet 

Air  Vents 

Operating  Gate  Well 

One  36  inch  diameter  vent 

Emergency  Gate  Well 

One  18  inch  diameter  vent 

d.  Gates 

Emergency  Gate 

Fixed  wheel  gate,  4.5  feet  w 

m 


Float  Switch  Elevation 

(emergency  gate) 
Operating  Gate 

Control 


e.  Capacity 

f.  Tunnel  Exit 

Width 

Drain 

End  Wall  Elevation 

Flipbucket  End  Elevation 


by  7  feet  high 
3,395.0  feet 

Cast  iron  sluice  gate,  4.5  feet 
wide  by  7  feet  high 
Hydraulic  operator  with 
manual  override  system 

1.603  cfs  (design) 

16  feet 
8  Inch 
3.359.8  feet 
3,354.4  feet 
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9. 


Principal  Spillway 

Control 


a. 


b.  Width 

c.  Length 

d.  Labyrinth  Weir 

Crest  Elevation 
Invert  Elevation 
Number  of  cycles 
Effective  crest  length 
Ice  Nose 

Length 

Elevation 

e.  Capacity 

Pool  at  3440.0  feet 
Pool  at  Dam  Crest 
(Elev.  3444.0) 

f.  Flip  Bucket 

End  Elevation 
Width 


150  feet  wide,  4-cycle 
labyrinth  weir 

150  feet  which  tapers  to  100 
feet  (hourglass  configuration) 

560  feet 

3,428.4  feet 

3,416.4  feet 

4 

668  feet 

10  feet 

3,416.66  to  3,422.67  feet 

38,800  cfs 
50,000  cfs 


3,380.0  feet 
100  feet 


10.  Emergency  Spillway 

a.  Control 

b.  Width 

c.  Approach  Apron 

d.  Stair  Step  Chute 

Material 


Slope 
Steps 

e.  Capacity 

Pool  at  3440.0  feet 
Pool  at  D£im  Crest 
(Elev.  3444.0) 


Stair  step  chute  with  ogee 
crest 

650  feet  wide 

650  feet  x  80  feet 

Roller  compacted  concrete 

b£ise  with  conventional 

concrete  encasement 

Iv  by  2.25h 

22  steps,  6.75  feet  wide  by  3 

feet  high 

61,200  cfs 
109,200  cfs 
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f.    stilling  Basin 
Size 

Invert  elevation 
Material 

End  Sill  Top  Elevation 
End  Sill  Cap  Height 

650  feet  X  87.5  feet 
3.359.75  feet 
RCC  11  feet  thick 
3.362.25  feet 
5  feet  3  Inches 

11.  Bridge 

a.  Width 

26  feet 

b.  Overall  Length 

114  feet 

• 
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OPERATING  PROCEDURES 


The  association  manages  and  operates  the  Tongue  River 
Reservoir  to  provide  an  adequate  supply  of  irrigation  water  to  meet 
contracts  with  the  water  users  without  exceeding  safe  storage  or 
flow  levels. 


DAM  OPERATOR 

The  responsibility  of  the  daily  operations  of  the  dam  and 
reservoir  rest  with  the  association  and  its  dam  operator.  The  dam 
operator  has  the  general  authority  to  operate  the  reservoir  to  meet 
the  association  goals  of  providing  an  adequate  supply  of  irrigation 
water  to  meet  water  user's  contracts  without  exceeding  safe 
storage  eind  flow  levels. 

Specific  responsibilities  of  the  dam  operator  are  as  follows: 

1.  Operate  the  mechanical  features  of  the  outlet  works 

2.  Coordinate  the  filling  of  the  reservoir  and  the  release  of 
water 

3.  Notify  the  SWPB  of  unusual  occurrences  such  as 
vandalism,  impending  floods,  excessive  seepage,  damage  to 
the  spillways  or  gates,  and  electronic  or  hydraulic 
equipment  malfunctions 

4.  Perform  various  maintenance  tasks 

5.  Monitor  the  weather 

6.  Monitor  the  seepage 

Typically,  the  out-going  operator,  association,  and  SWPB 
train  a  new  operator.  The  dam  operator's  training  focuses  on  the 
mechanical  operation  and  electronic  operation  of  the  gates, 
measurement  of  the  storage  level,  measurement  of  the  rate  of  water 
release,  observation  of  unusual  conditions,  and  record  keeping. 
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The  dam  operator  is  normally  available  dally  to  observe  the 
dam  and  perform  operating  functions  dming  the  times  of  rapid 
filling  and  irrigation  seasons,  the  operator  is  at  the  dam  three  to 
five  times  per  week.  At  other  times,  the  operator  visits  the  dam 
weekly  or  monthly  at  other  times  of  the  year. 

Communications  among  the  dam  operator,  the  association, 
and  the  SWPB  usually  takes  place  by  telephone.  Although  not 
routinely  available,  radio  communication  may  be  established 
during  emergencies  or  unusual  occurrences  so  the  dam  operator 
can  speak  directly  with  county  authorities  and  communicate 
indirectly  with  the  SWPB  (see  Tongue  River  Dam  Emergency 
Plan).  There  is  a  telephone  in  the  primary  gatehouse  that  the  dam 
operator  could  also  use  in  an  emergency. 


METHOD  AND  SCHEDULE  OF  OPERATION 

The  association's  goal  Is  to  have  the  reservoir  full  before 
contract  holders  start  putting  in  calls  for  water. 

The  date  irrigation  releases  begin  varies  fi-om  year  to  year, 
with  May  1  usually  being  the  earliest.  Irrigation  releases  usually 
end  by  September  30,  as  specified  in  the  water  purchase  contracts. 
The  actual  dates  that  releases  begin  and  end  depend  on  the  year's 
actual  climatological  and  hydrological  conditions. 

As  part  of  the  Water  Rights  Compact  between  the  State  of 
Montana  and  the  Northern  Cheyenne  Tribe,  an  Operating  Plan  For 
The  Tongue  River  Reservoir  has  been  adopted,  dated  May  2,  2002. 
The  plan  outlines  general  procedures  for  operating  the  reservoir  so 
that  the  State  can  met  its  obligations  under  the  Northern 
Cheyenne-Montana  Compact  and  fulfill  its  water  marketing 
contracts.  A  copy  of  the  plan  is  in  Appendix  A. 
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Mflx<mii¥n  Winter  Storage:  The  maximum  reservoir 
elevation  for  winter  storage  is  3.417.5  feet  with  45,000  acre-feet  of 
storage.  This  winter  maximum  helps  prevent  damage  to  the  riprap 
and  embankment  from  wind-driven  waves  and  ice. 

Minimnm  TK^ter  Storage.*  The  minimnm  reservoir  elevation 
for  winter  storage  is  3.396  feet  with  10.800  acre-feet  of  storage. 
This  winter  miniimim  helps  prevent  ice  damage  to  the  inlet 
structure  for  the  outlet  works,  minimizes  water  quality  problems, 
and  helps  to  maintain  the  flsheiy. 

MlnjiniiTn  Outlet  Discharge:  Pursuant  to  the  Operating 
Plan  (Appendix  A),  the  minirmim  flow  to  be  maintained  at  the  d£im 
outlet  to  help  maintain  the  fishery  in  Tongue  River  will  generally  be 
the  inflow  or  175  cfs.  whichever  is  less.  Cutting  outflows  to  below 
the  minirmiTn  will  be  allowed  only  as  needed  to  accommodate 
necesssuy  dam  safety  inspections,  maintenance,  drought 
conditions,  or  other  emergency  purposes. 

Winter  Operation  of  Tunnels:  The  winter  outflow  fi-om  the 
reservoir  should  be  spilt  between  the  two  tunnels.  The  flow  fi^om 
the  auxiliary  outlet  should  be  enough  to  cover  the  end  wall  in  the 
tunnel.  This  flow  should  be  about  60  cfs.  The  flow  through  both 
of  the  tunnels  during  the  winter  months  wiU  help  to  control  freeze- 
thaw  damage  to  the  concrete  and  help  to  prevent  the  buildup  of  ice 
blocks  in  the  tunnels. 


SAFE  DRAWDOWN 

Embankment  stability  was  Investigated  by  the  U.  S.  Bureau 
of  Reclamation  In  1985  during  an  investigative  study.  It  was 
determined  that  under  a  sudden  drawdown  condition  from  PMF 
level  to  critical  pool  elevation  (3.380  feet),  the  upstream  slope  of  the 
embankment  would  have  a  safety  factor  of  1.3.  Therefore,  the 
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stability  of  the  existing  embankment  is  not  a  concern  during 
normal  and  emergency  operations. 


GATE  OPERATION 

The  maximum  combined  capacity  of  the  two  outlet  works  is 
3,245  cfs  at  normal  full  pool  (elevation  3.428.4  feet).  The  outlet 
works  are  intended  to  be  used  for  controlling  the  release  of 
irrigation  water  and  not  for  providing  emergency  flood  relief. 

The  maximum  opening  for  the  primary  operating  gate  is  7.5 
feet  and  the  auxfliaiy  operating  gate  is  7.0  feet.  Openings  in 
excess  of  these  amounts  may  damage  a  gate,  gate  frame,  gate 
stem,  or  the  hydraulic  cylinder.  The  gate  opening  is  measured  by 
monitoring  devices  on  the  gates  and  is  shown  as  an  electronic 
digital  readout  on  the  gate  control  panel  box  £is  a  percent  (%)  of  full 
open.  The  gate  control  systems  are  designed  to  stop  the  gates 
automatically  when  the  gates  are  100%  open  or  closed. 

Operating  Gate  —  Normal  Procedures:   Listed  below  are  the 

steps  to  be  used  for  normal  operation  of  the  downstream  gate  (Gate 

#1).  These  procedures  apply  to  the  downstream  gate  in  both 

outlets. 

1 .  Check  that  the  power  is  turned  on.    Normally  the  power  is 
on  at  all  times.  This  is  necessary  so  the  conbrols  continue  to 
function,  and  therefore  maintain  system  and  emergency 
accumulator  pressiire  as  well  as  panel  and  hydraulic 
heaters. 

If  the  power  is  off,  turn  power  on. 

(a)  There  is  an  electrical  switch  box  for  the  gate  operating 
control  panel.  This  must  be  turned  on. 

(b)  Turn  "Master  Control  Panel  Power"  switch  to  "ON" 
(upper  right  portion  of  the  control  panel) 

(c)  Turn  "Control  Power"  switch  to  "On" 
(lower  left  portion  of  the  control  panel) 

(d)  PLC  will  initialize  and  display  should  read  "Sorenson 
Governor  Gate  Control  SystenC 
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(e)  When  the  power  Is  turned  on.  one  of  the  pumps  will  turn 
on  to  pressurize  the  system.  The  gates  will  not  operate 
until  the  system  has  been  pressurized.  Once  pressurized, 
the  pump  will  turn  off.  The  system  is  now  ready  for 
operation. 

There  are  two  pumps  in  each  gatehouse,  which  alternate 
running  each  time  the  system  is  turned  on. 

2.  Make  sure  the  key  lock  switch  is  in  the  "normal"  position, 
not  the  "maintenance"  position  (gates  will  not  operate  from 
the  control  panel  when  the  switch  is  in  the  "maintenance" 
mode). 

3.  Push  the  open  or  close  button  for  Gate  #1  (Operating  Gate) 
to  adjust  gate. 

4.  There  is  an  indicator  panel  to  the  right  of  the  control  panel 
that  shows  the  percent  open  for  each  gate.  When  the  desired 
percent  open  is  reached,  push  the  stop  button.  Minor 
open/close  adjustments  may  need  to  be  made  to  get  the 
desired  percent  open  for  the  gates.  The  pimip  will 
automatically  shut  down  once  the  gate  has  stopped  moving 
and  the  hydraulic  system  pressure  is  at  proper  standby 
levels. 

5.  Leave  the  power  on,  because  the  system  will  automatically 
make  adjustments  in  the  system  if  there  is  any  bleed  off  of 
the  hydraulic  fluid. 

NOTE:  The  auxiliary  operating  gate  (cast  iron  sluice  gate)  will 
chatter,  bang  and  vibrate  at  certain  gate  openings.  The  gate 
should  not  be  left  in  this  position,  but  the  opening  Increased  or 
decreased  until  the  noise  and  vibration  stop.  Failure  to  control 
the  noise  and  vibration  could  cause  damage  to  the  gate  system. 

Emergency  Gate  -  Normal  Procedures:   Listed  below  are 
the  steps  to  be  used  for  normal  operation  of  the  upstream  fixed 
wheel  emergency  gate  (Gate  #2).  These  procedures  apply  to  the 
upstream  gate  in  both  outlets. 

1.  The  emergency  gate  (Gate  #2)  is  to  be  either  fuUy  opened 
or  ftiUy  closed.  It  is  not  designed  to  regulate  flows. 

2.  Downstream  operating  gate  must  be  closed  before 
operating  the  emergency  gate. 

3.  Check  that  the  power  is  turned  on.    Normally  the  power  is 
on  at  all  times. 
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If  the  power  is  off,  turn  power  on.  See  Operating  Gate  ~ 
Normal  Procedures.  Follow  same  power  up  procedures. 

Make  sure  the  key  lock  switch  is  in  the  "normal"  position, 
not  the  "maintenance"  position. 

Gate  Opening  Procedure 

Initial  Gate  Position:  Doumstrecan  operating  gate  closed. 
Emergency  gateJuR  closed  under  Jull  unbalanced  uxiter 
pressure. 

(a)  Push  the  "OPEN"  button  for  Gate  #2  (Emergency  Gate)  to 
adjust  gate. 

(b)  Watch  position  Indicator.  Number  on  Position  Indicator 
digital  display  should  begin  to  Increase. 

(c)  Gate  will  automatically  stop  at  3%  open  ±1%. 

(d)  Look  down  emergency  gate  shaft  to  confirm  it  is  filling 
with  water. 

(e)  When  the  water  level  reaches  the  float  switch  inside  the 
emergency  gate  shaft,  the  PLC  display  will  read  'Water 
level  is  at  float  wait  for  timer  -  3  minutes". 

(f)  Press  "Alarm  Ack"  button  on  PLC  display  to  shut  off 
alarm. 

(g)  When  water  pressure  across  the  gate  has  equalized,  the 
PLC  display  will  read  "  Water  Cohinm  Full,  OK  to 
Continuje''. 

(h)  Press  "Alarm  Ack"  button  on  PLC  display  to  shut  off 

alarm, 
(i)  Press  the  "OPEN"  button. 
(J)  Watch  Position  Indicator  digital  display,  it  should  begin  to 

Increase, 
(k)  Gate  will  stop  automatically  when  full  open. 

When  opening  the  emergency  gate  from  the  100%  closed 
position,  the  gate  will  open  to  about  3%  open,  then  stop. 
There  is  a  crack  opening  system  in  place  that  limits  the 
control  of  the  gate.  Once  tiie  gate  has  been  opened  about 
3%,  the  system  wiU  shut  down  while  the  tower  and  tunnel 
are  filled  with  water.  There  is  a  float  switch  at  about 
elevation  3395  that  wiU  turn  on  a  timer  when  the  water 
reaches  the  float  switch.  The  timer  is  set  for  three  minutes. 
Once  the  3  minutes  are  up,  the  LED  display  on  the  control 
panel  will  show  "Water  Column  Full,  OK  to  Continue". 

The  emergency  gate  can  be  closed  during  the  crack 
opening  cycle,  but  not  opened. 
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6.  Gate  Closing  Procedure 

Initial  Gate  Position:  Doumstream  operating  gate  closed. 
Emergency  gate  JuR  open.  CThis  operation  can  also  be 
performed  in  the  event  of  an  emergency  when  the  doumstream 
regulating  gate  is  stuck  in  a  partial  open  position) 

(a)  Press  the  "CLOSE  "  button. 

(b)  Watch  position  indicator  digital  display,  number  should 
decrease. 

(c)  Gate  wlU  stop  automatically  when  full  closed. 

7.  The  emergency  gate  when  in  the  open  position  should  be 
stored  with  one  gate  stem  removed  and  one  stem  raised 
(hydraulic  cylinder  in  up  position)  with  the  short  (12") 
maintenance  stem  between  the  cylinder  and  the  fiill  length 
stem.  To  remove  a  stem,  the  maintenance  procedures 
(Appendix  C)  should  be  foUowed.  Once  one  stem  has  been 
removed  and  the  gate  has  been  raised  one  stem,  the  dogging 
device  should  be  engaged.  The  bottom  of  the  gate  will  be 
approximately  eight  (8)  feet  above  the  top  of  the  tunnel 
opening.  This  is  to  prevent  possible  turbulence  from 
damaging  the  gate. 

8  Leave  the  power  on.  This  is  necessary  to  maintain  system 
and  emergency  accumulator  pressure  as  well  as  panel  and 
hydraulic  heaters. 

Manual  Gate  Procedures  (Both  HydrauUc  Pumps  FaU): 

Listed  below  are  the  steps  to  be  used  for  manual  operation  of  the 
operating  gate  (Gate  #1)  and  the  emergency  gate  (Gate  #2)  if  both 
hydraulic  pumps  fall.  Prior  to  proceeding  with  the  manual 
procedures,  try  resetting  the  pumps.  There  is  a  reset  button  for 
each  pump  on  the  control  panel.  Push  each  reset  button.  This 
may  reactivate  each  pump.  If  the  pumps  cannot  be  reactivated, 
follow  the  procedures  described  below.  These  procedures  apply  to 
the  gates  In  both  outlets. 

1.  Utilize  acctmaiilators  to  move  gates, 
(a)  Open  Operating  Gate  (Gate  #1) 

Press  gate  one  open  button.  Gate  will  open,  notice 
that  accumulator  and  system  pressure  will  decrease  as 
accimiulators  lose  pressure.  To  stop  press  stop 
button. 
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(b)  Close  Operating  Gate  (Gate  #1) 

Press  gate  one  close  button.  Gate  will  close,  notice 
that  accumulator  and  system  pressure  will  decrease  as 
accumulators  lose  pressure.  To  stop  press  stop 
button. 

(c)  Open  Emergency  Gate  (Gate  #2) 

Press  gate  two  open  button.  Gate  will  open,  notice 
that  accumulator  and  system  pressure  will  decrease  as 
accimiulators  lose  pressure.  To  stop  press  stop 
button. 

(d)  Close  Emergency  Gate  (Gate  #2) 

Press  gate  two  close  button.  Gate  will  drift  closed, 
system  pressure  will  not  decrease  as  gate  falls  under 
Its  own  weight.  To  stop  press  stop  button. 

Utilize  hand  pump  to  move  gates  (accumulators  have  lost 
pressure). 

(a)  Open  Operating  Gate  (Gate  #1) 

Isolate  all  accumulators  by  closing  the  valve  located  at 
bottom  of  each  vertical  accumulator  (Item  20  on 
hydraulic  schematic).  Press  open  gate  one  button. 
Solenoid  one  will  shift.  Insert  manual  hand  pump 
handle  Into  hand  pump  and  pump  handle  up  and 
down,  system  pressure  will  raise  and  gate  will  move 
open.  To  stop,  press  the  stop  button. 

(b)  Close  Operating  Gate  (Gate  #1) 

Isolate  all  accumulators  by  closing  the  valve  located  at 
bottom  of  each  vertical  accimiulator  (Item  20  on 
hydraulic  schematic).  Press  close  gate  one  button. 
Solenoid  two  will  shift.  Insert  manual  hand  pump 
handle  into  hand  pump  and  pump  handle  up  and 
down,  the  system  pressure  will  raise  and  gate  will 
close  slowly.  To  stop,  press  the  stop  button. 

(c)  Open  Emergency  Gate  (Gate  #2) 

Isolate  aR  accumulators  by  closing  the  valve  located  at 
bottom  of  each  vertical  accimiulator  (item  20  on 
hydraulic  schematic).  Press  open  gate  two  button. 
Solenoid  three  will  shift.  Insert  manual  hand  pump 
handle  into  hand  pump  and  pump  handle  up  and 
down,  system  pressure  will  raise  and  gate  will  move 
open.  To  stop,  press  the  stop  button. 

(d)  Close  Emergency  Gate  (Gate  #2) 

Press  gate  two  close  button.  Gate  will  drift  closed, 
system  pressure  will  not  change  as  gate  falls  under  its 
own  weight.  To  stop  press  stop  button 
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Manual  Gate  Procedures  (Loss  of  Site  Power):  Listed 
below  are  the  steps  to  be  used  for  manual  operation  of  the 
operating  gate  (Gate  #1)  and  the  emergency  gate  (Gate  #2)  when 
power  Is  lost  at  the  site.  These  procedures  apply  to  the  gates  in 
both  outlets.  Manual  operation  is  required  if  electricdty  is  lost,  or 
some  other  mechanical  or  electrical  failure  occurs. 

1.  Utilize  accimiulators  to  move  gates. 

(a)  Open  Operating  Gate  (Gate  #1) 

Manually  shift  the  Gate  One  valve  by  pressing  on  Sol 

1  spool  with  thumb  or  screwdriver  (press  on  left  side  of 
spool  towards  the  right  direction).  You  will  hear 
hydraulic  fluid  pass  through  the  valve.  Gate  will  move 
immediately,  and  accumulator  pressure  will  start:  to 
decrease  slowly.  To  stop  relesise  spool. 

(b)  Close  Operating  Gate  (Gate  #1) 

Manually  shift  the  Gate  One  valve  by  pressing  on  Sol 

2  spool  with  thimib  or  screwdriver  (press  on  right  side 
of  ^^ve  towards  the  left  direction).  You  will  hear 
hydraulic  fluid  pass  through  the  valve.  Gate  will  move 
immediately,  and  accimiulator  pressure  will  start  to 
decrease  slowly.  To  stop  release  spool. 

(c)  Open  Emergency  Gate  (Gate  #2) 

Manually  shift  the  Gate  Two  Open  valve  by  pressing 
on  Sol  3  spool  with  thumb  and  turning  to  release 
spool.  Manual  override  will  pop  out.  Gate  will  move 
immediately,  and  accimiulator  pressure  will  start  to 
decrease  slowly.  To  stop,  press  manual  override  back 
in  and  turn  to  lock  in  place. 

(d)  Close  Emergency  Gate  (Gate  #2) 

Manually  shift  the  Gate  Two  Close  valve  by  pressing 
on  Sol  4  spool  with  thimib  and  turning  to  release 
spool.  Manual  override  will  pop  out.  Gate  will  move 
immediately,  gate  falls  under  its  own  weight  therefore 
system  pressure  should  not  decrease.  To  stop,  press 
manual  override  back  in  and  turn  to  lock  in  place. 

2.  Utilize  hand  pump  to  move  gates  (accimiulators  have  lost 
pressure).  This  operation  will  require  two  people. 

(a)  Open  Operating  Gate  (Gate  #1) 

Isolate  all  accimiulators  by  closing  the  valve  located  at 
bottom  of  each  vertical  accumulator  (item  20  on 
hydraulic  schematic).  Manually  shift  the  Gate  One 
valve  by  pressing  on  Sol  1  spool  with  thumb  or 
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screwdriver  (press  on  left  side  of  valve  towards  the 
right  direction).  Insert  manual  hand  pump  handle 
Into  hand  pump  and  pump  handle  up  and  down, 
system  pressure  will  raise  and  gate  will  move  open.  To 
stop,  release  spool. 

(b)  Close  Operating  Gate  (Gate  #1) 

Isolate  all  accumulators  by  closing  the  valve  located  at 
bottom  of  each  vertical  accumulator  (item  20  on 
hydraulic  schematic).  Manually  shift  the  Gate  One 
valve  by  pressing  on  Sol  2  spool  with  thumb  or 
screwdriver  (press  on  right  side  of  valve  towards  the 
left  direction).  Insert  manual  hand  pump  handle  into 
hand  pump  and  ptmip  handle  up  and  down,  the 
system  pressure  will  raise  and  gate  will  close  slowly. 
To  stop,  release  spool. 

(c)  Open  Emergency  Gate  (Gate  #2) 

Isolate  all  accumulators  by  closing  the  valve  located  at 
bottom  of  each  vertical  accumulator  (item  20  on 
hydraulic  schematic).  Manually  shift  the  Gate  Two 
Open  valve  by  pressing  on  Sol  3  spool  with  thumb  and 
turning  to  release  spool.  Manual  override  will  pop  out. 
Insert  manual  hand  pump  handle  into  hand  pump 
and  pump  handle  up  and  down,  system  pressure  will 
raise  and  gate  will  move  open.  To  stop,  press  manual 
override  back  In  and  turn  to  lock  In  place. 

(d)  Close  Emergency  Gate  (Gate  #2) 

Manually  shift  the  Gate  Two  Close  valve  by  pressing 
on  Sol  4  spool  with  thumb  and  turning  to  release 
spool.  Manual  override  will  pop  out.  Gate  will  move 
immediately,  gate  falls  under  its  own  weight  therefore 
system  pressure  should  not  decrease.  To  stop,  press 
manual  override  back  In  and  turn  to  lock  in  place. 

Emergency  Gate  ~  Maintenance  Procedures:   Removal  of 
the  emergency  gate  from  the  gate  sheift  for  maintenance  activities 
should  only  be  done  with  SWPB  staff"  onsite.  The  procedures  for 
removing  and  reinstalling  the  emergency  gate  is  described  In 
Appendix  C. 
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INFLOW  AND  OUTFLnW  MONITORING 

Current  inflows  into  the  reservoir  and  outflows  from 
the  reservoir  can  be  found  under  the  YeUowstone  River  Basin 
portion  of  the  foUowing  USGS  internet  site: 

http://montana.usg8.gov/rt-cgl/gcn_tbl_pg 

USGS  gage  06306300,  Tongue  River  at  State  Line, 
monitors  current  Inflows  into  the  reservoir.  The  gage  is 
located  on  the  lefl:  bank  one  mile  north  of  the  Montana- 
Wyoming  state  line  and  1.4  miles  southeast  of  Decker,  MT. 

USGS  gage  06307500,  Tongue  River  at  Tongue  River 
Dam,  monitors  current  outflows  from  the  reservofr.  The  gage 
is  located  on  the  left  bank  0.5  miles  downstream  of  the  dam. 


STORAGE  DETEPMTNATTON 

In  the  primary  gate  house  there  is  a  LED  display  of  the 
reservofr  elevation  located  on  the  gate  operating  panel.  This 
information  can  also  be  accessed  by  SWPB  staff  from  off-site  via  a 
computer  modem. 

Storage  fri  the  reservofr  and  elevation  of  the  reservofr  surface 
can  also  be  determfried  by  taking  a  slope  measurement  at  the  boat 
ramp  at  the  Pee  Wee  Point  North  campgroimd.  Measure  in  feet 
from  the  0+00  pofrit,  located  at  tiie  top  center  of  the  boat  ramp 
slab,  to  the  water  surface.  The  alignment  follows  the  center  of  the 
slab  with  distances  marked  in  the  concrete  every  25  feet.  Once  the 
slope  distance  is  determfried.  tiie  elevation  of  the  reservofr  surface 
and  the  storage  can  tiien  be  found  using  tiie  Slope  Distance- 
Elevation-Storage  Table  in  Appendix  B. 
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WEATHER  MONITORING 

The  dam  operator  monitors  weather  conditions  through  local 
weather  forecasts  and  the  National  Weather  Service  (NWS).  NWS 
computer  Information  Is  monitored  by  the  SWPB  during  spring 
runoff  and  at  other  times.  This  Information  includes  major  stream 
gage  readings,  past  24-hour  readings  on  small  stream  gages,  past 
24-hour  weather  summary,  and  Snotel  sites  Information. 

If  severe  flooding  is  anticipated,  the  NWS  Billings  OfBce 
(800-240-4596  or  406-652-2314)  should  be  requested  to  make 
"forecast  points"  of  the  USGS  gage  06306300,  Tongue  River  at 
State  Line.  If  this  request  is  adopted,  NWS  will  provide  peak  flow, 
storm  duration,  runoff  duration  (above  base  flow),  and  total  volume 
flood  forecasts  for  these  two  stream  gauges  as  conditions  warrant. 

SNOTEL  Sites:  Current  snow  water  equivalent  and  total 
precipitation  can  be  monitored  at  seven  SNOTEL  sites  located 
above  the  reservoir  ~  Big  Goose,  Bone  Springs,  Burgess  Jet.,  Dome 
Lake,  Sucker  Creek,  and  Tie  Creek.  The  information  for  these  six 
sites  can  be  accessed  under  the  Tongue  River  Basin  (Wyoming) 
portion  of  the  following  USDA  Internet  site: 

ftp://ftp.wcc.nrcs.usda.goy/data/snow/updAte/mt.tzt 
Additional  information  about  historical  snowpack,  precipitation, 
maps  and  graphs  can  be  accessed  at  the  following  internet  site: 

http://www.mt.nrcs.usda.gov/swcs/snow/snow.html 

INTERACTION  WITH  OTHER  DAMS 

There  are  no  major  dams  upstream  or  downstream  of  the 
Tongue  River  Dam.  Therefore,  interaction  with  other  dams  is  not  a 
concern  in  the  normal  operation  of  the  Tongue  River  Resenroir. 

EMERGENCY 

If  it  appears  that  the  Tongue  River  Dam  is  about  to  breach, 
or  during  emergency  operations,  the  dam  operator  will  initiate  the 
Tongue  River  Dam  Emergency  Action  Flan. 
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INSPECTION  AND  MONITORING 


Tlie  SWPB  inspects  the  dam  annually.  Appendix  D  Includes 
an  example  of  the  SWPB  Inspection  Report  Form.  In  addition  to 
annual  Inspections,  SWPB  personnel  will  inspect  the  dam 
embankment  and  reseivolr  during  and  after  heavy  runoff,  severe 
rainstorms,  and  windstorms,  during  high  storage  periods,  and 
after  an  earthquake.  The  embankment  and  spillways  are 
monitored  by  instrumentation. 


STRUCTURAL  FEATURES  INSPECTION 

Structural  features  iaclude  the  dam  embankment, 
gatehouses,  outlet  works,  spillways,  drains,  seepsige  measurement 
structures.  The  SWPB  will  inspect  these  structures  annually  as 
part  of  Its  Inspection  program. 

Items  to  be  checked  or  noted  Include,  but  are  not  limited  to, 
the  following: 

1.  Embankment 

a.  Erosion  gullies  in  dam  faces 

b.  Groin  areas 

c.  Damage  from  burrowing  animals  or  vegetation 

d.  Displacement  or  loss  of  riprap  protection 

e.  Displacement  of  fill,  sink  holes,  slimips,  or  other  items 

f.  Any  seepage  on  downstream  face  or  base  of 
embankment 

2.  Gatehouses  and  Flimie  Vault  -  any  damage  or 
vandalism 

3.  Outlet  Works 

a.  Any  differential  settlement  or  movement  resulting  in 
cracking  of  the  conduits 

b.  Erosion  of  gate  seals  or  concrete  by  cavitation 
immediately  downstream  of  the  gates,  tunnel  floor  and 
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sides  in  the  transition  zones,  and  areas  immediately 
downstream  of  the  gate 

c.  Major  seepage  of  water  into  the  conduit 

d.  Deterioration  of  exposed  concrete  due  to 
freeze/thaw  cycles  or  sulfate  reactions 

e.  Operation  of  all  gates  through  a  full  cycle 

f.  Protective  coating  on  metal  work 

g.  Unobstructed  operation  of  the  air  vents 
h.  Corrosion  or  pitting  of  any  metal 

i.    Proper  care  of  electrical  and  hydraulic  equipment 
J.    Tower  ladders 

k.  Condition  of  warning  buoys  and  buoy  system 
m.  Hydraulic  leaks 

Spillways 

a.  Plugging  of  drains 

b.  Cracking  or  movement  of  concrete 

c.  Spalling  of  concrete  or  loss  of  joint  material 

d.  Deterioration  of  walls  or  buildup  of  debris  on  walls 

e.  Blockage  of  the  spillway  or  outlet  channels 

f    Condition  of  bridge  abutments,  bridge  deck,  and  guard 
raUs 

g.  Condition  of  panels,  cracks  in  steps,  and  any  movement 

Drains 

a.  Plugging  of  drains 

b.  Sediment  in  drains 

c.  Any  plugging  of  flumes,  weirs,  and  outlets  and 
vandalism  or  damage  to  these  items 


RIPRAP  INSPECTION 

The  riprap  along  the  front  face  of  the  dam  embankment 
should  be  at  least  36  inches  thick.  Immediately  after  the 
occurrence  of  high  water,  SWPB  will  observe  the  riprap  and 
determine  If  additional  riprap  is  needed. 
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SEEPAGE 

Ri^t  Abutment  Area:  Seepage  has  been  observed  flowing 
in  the  coulee  about  200  yards  downstream  from  the  dam.  A  '^- 
notch"  weir  has  been  Installed  to  measure  a  majority  of  the 
seepage  that  is  flowing  down  the  coulee.  The  flow  in  the  coulee 
was  first  observed  following  the  original  first  filling  of  the  reservoir. 
The  flow  through  the  weir  fluctuates  (flow  increases  or  decreases 
with  an  increase  or  decrease  in  the  reservoir  elevation)  with  the 
change  in  reservoir  elevation.  The  flows  appear  to  be  increasing 
over  the  historical  flows  that  have  been  measured,  but  the 
reservoir  is  now  being  operated  at  higher  elevations  than  in  the 
past.  The  mayimum  recorded  flow  in  2000  was  about  330  gpm. 

Seepage  is  now  appearing  on  the  road  both  upstream  and 
downstream  from  the  right  abutment  coulee  and  firom  the  cut 
along  the  right  side  of  the  road.  This  seepage  had  not  been 
observed  prior  to  rehabilitation  of  the  dam. 

Standing  seepage  water  is  located  in  the  old  stream  channel 
below  the  toe  of  the  dam  near  the  right  abutment.  In  1996,  water 
was  seen  percolating  firom  the  bottom  of  the  seepage  pond.  The 
percolating  water  looked  like  a  sand  boil,  but  there  was  no  buildup 
of  material  around  the  exit  point.  The  percolating  water  probably 
came  fi-om  the  toe  drain,  which  exited  in  the  channel  near  this 
location  (this  drain  now  exits  through  the  flimie  vault).  The 
percolating  water  was  observed  yig^in  during  the  annual  inspection 
in  November,  2003.  This  area  is  checked  for  changes  during  all 
inspections. 

Seepage  has  been  observed  on  the  road  above  the  original 
stream  channel.  In  approximate  alignment  with  the  original  toe 
drain.  The  seepage  consisted  of  standing  water,  but  no  flowing 
water  has  been  seen.  No  seepage  has  been  observed  in  this  area 
since  the  rehabilitation  of  the  dam. 
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Left  Abutment  Area:  The  left  abutment  area  adjacent  to  the 
tailrace  area  has  a  high  wall  and  a  coal  and  clinker  seam  exits  In 
the  wall.  The  coal  and  clinker  seam  seeps  a  considerable  amount 
of  water.  Seepage  has  been  observed  exiting  the  abutment  wall 
since  the  original  first  fliting  of  the  reservoir.  The  amount  of  flow 
fluctuates  with  the  reservoir  elevation.  A  "V-notch"  weir  was 
Installed  in  1999  upstream  jfrom  a  culvert  which  carries  the 
seepage  flow  under  the  access  road  to  the  tailrace  area.  Most  of 
the  seepage  is  measured  In  the  *V-notch"  weir,  but  some  of  the 
seepage  probably  flows  through  the  road  fill  without  being 
measured.  During  2000,  the  mayiTnuTn  flow  measured  was  about 
135  gpm. 


MONITORING  WELLS 

Monitoring  wells  have  been  Installed  over  a  number  of  years, 
with  the  first  four  open  weU  monitoring  wells  Installed  in  1967. 
Since  1967,  there  have  been  additional  monitoring  wells  installed 
while  others  have  been  destroyed  because  of  construction 
activities. 

Currently,  there  are  25  drill  holes  in  the  embankment  and 
abutments  of  the  dam  with  a  combination  of  33  monitoring  points 
(some  drill  holes  have  more  than  one  standpipe).  Of  the  33 
monitoring  points,  there  are  some  that  are  open  well  standpipes 
only  (and  have  to  be  measured  with  a  well  probe),  others  that  are 
vibrating  wire  only  (no  standpipe),  and  some  that  have  a  vibrating 
wire  piezometer  and  a  standpipe.  Where  there  are  vibrating  wire 
piezometers  and  standpipes  for  the  same  monitoring  point, 
comparisons  have  been  made  of  the  data  to  confirm  the  vibrating 
wire  is  providing  accurate  information. 

Figure  4  (page  1 1)  contains  a  map  showing  the  location  of 
the  monitoring  wells.  Appendix  F  contains  a  table  identifying  the 
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33  monitoring  points,  depths  and  elevations.  SoU  profiles  of  the 
drill  holes  and  details  as  to  how  the  wells  were  constructed  are 
also  shown  In  Appendix  F.  General  information  about  the 
vibrating  wire  piezometers  and  the  data  loggers  is  described  In 
Appendix  G. 

SEEPAGE  MONITORING 

The  open  well  standpipes,  vibrating  wire  piezometers,  weirs, 

flumes,  drains  and  seepage  areas  are  observed  and  monitored  by 
the  dam  operator,  Billings  Regional  GfiBce,  and  SWPB  during 
regular  visits;  and  may  be  measured  by  the  SWPB  during  annual 
inspections.  The  instruments  are  generally  measured  twice  per 
month  from  May  1  to  August  31,  and  once  per  month  In  March, 
April,  September,  and  October.  Measurements  may  be  taken 
during  the  winter  months  (November,  December,  January, 
February)  depending  on  weather  conditions. 

Discharge  tables  for  the  flumes  and  V-notch  weirs  are  in 
Appendix  B.  Procedures  for  downloading  the  vibrating  wire 
Information  firom  the  data  loggers  and  saving  it  to  an  Excel 
spreadsheet  is  in  Appendix  H. 


SURVEY  MONUMENT  MONITORING 

There  are  16  survey  mommient  points  located  in  the 
concrete  structures  at  the  dam.  Twelve  are  located  on  and  around 
the  primary  spillway,  and  four  are  located  on  the  emergency 
spillway.  Additionally,  there  are  five  monuments  at  the  slide  area 
located  upstream  of  the  dam  on  the  east  side  of  the  reservoir.  The 
monuments  were  placed  to  monitor  settlement  and  movement. 
The  monuments  are  measured  annually.  Figure  5  (page  12)  shows 
the  location  of  the  monuments.  A  description  of  the  monument 
coordinates  are  shown  In  Appendix  I. 
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SAFTY"  STRUCTURES 

Warning  buoys  and  a  buoy  system  have  been  Installed  In 
front  of  the  principal  spillway.  The  purpose  of  the  buoy  system  is 
to  warn  boats,  water  skiers,  fishermen  and  Jet  skiers  that  the  area 
is  dangerous. 

Warning  signs  have  also  been  installed  on  the  downstream 
channel.  There  are  warning  signs  on  each  side  of  the  channel  and 
a  cable  with  warning  signs  has  been  placed  across  the  channel. 
The  purpose  of  the  signs  is  to  warn  fishermen,  site  seers,  and 
boaters  that  the  area  upstream  of  the  warning  signs  is  dangerous. 
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MAINTENACE 


The  association  is  responsible  for  routine  maintenance  of  tiie 
project.  In  addition,  the  SWPB  may  identify  items  that  need 
maintenance  or  repair  during  the-annual  Inspection. 


ROUTINE  MAINTENANCE 

To  protect  the  dam  and  keep  it  in  good  working  order,  the 
dam  operator  during  regular  visits  to  the  dam  will  watch  for  and 
identify  any  potential  maintenance  requirements.  As  soon  as  a 
need  is  identlQed,  the  dam  operator  needs  to  schedule  and  perform 
the  routine  maintenance. 

Items  that  may  need  occasional  attention  include,  but  are 
not  limited  to. 

1.  Lubrication  of  gate  hoisting  mechanisms 

2.  Debris  or  sUt  in  etther  the  spiRuxuj  channels  or  the  outlet 
channel  or  on  the  spiRway  uxtlls.  Accumulated  debris  that 
could  affect  the  operation  of  these  appurtenances  should 
be  removed  at  once.  All  debris  should  be  removed  at  least 
annually. 

3    E>rosion  guRies  on  embankment  and  abutments. 
Development  of  erosion  gullies  should  be  checked 
immediately.  Gullies  should  be  filled,  compacted,  and 
seeded.  Particular  attention  should  be  paid  to  the  groin 
areas  and  the  downstream  faces  where  four  wheel  drive 
tracks  may  become  a  problem 

4.  Rodent  damage.  The  rodents  will  be  removed  or  destroyed, 
and  any  biurow  holes  should  be  filled  immediately. 

5.  Upstream  slope  riprap.  The  upstream  riprap  normally  will 
be  observed  annually,  but  may  occEisionally  need  repairs 
because  of  high  water  or  wave  action. 

6.  Vegetative  cover  on  downstream  slopes.  Good  vegetative 
cover  will  be  maintained,  but  large  brush  and  trees  will  be 
removed. 
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7.  Cleaning  spiRuxiy  wall  tops.  Spillway  wall  tops  should  be 
clear  of  any  dirt,  rocks,  grass,  brush,  and  any  overhanging 
vegetation  or  trees. 

8.  Vegetation  in  spiRwayJloor Joints.  Anything  growing  in  any 
of  the  floor  joints  should  be  removed,  and  then  the  joint 
sealed. 

9.  Repair  of  the  spiRway  Joints  and  sealing  of  cracks  in  the 
spiRuxLLj. 

10.  Noxious  weeds.  Noxious  weeds  on  and  around  the  dam 
embankment,  reservoir,  and  spillways  should  be  sprayed  at 
least  on  an  annual  basis. 

11.  Weirs  and  Flumes.  These  devices  will  be  maintained  clean 
of  sediment  and  algae,  kept  upright,  free  flowing,  and  free 
of  debris. 

12.  Safety  Devises.  The  devises  will  be  maintained  and  If 
destroyed  by  vandalism,  shooting,  or  theft  will  be  replaced 
immediately. 


ANNUAL  MAINTENANCE 

The  SWPB  conducts  annual  inspections  of  the  Tongue  River 
Dam  and  reservofr.  During  these  inspections,  any  items  requiring 
annual  maintenance  will  be  identified  and  recorded.  Items  that 
may  need  annual  maintenance  Include  the  dam  embankment, 
outlet  works  spillways,  gates,  valves,  riprap,  roads,  bridge,  and 
gatehouses.  Other  routine  items  needing  Immediate  attention, 
such  as  the  need  to  remove  trees  or  brush  wiU  also  be  noted. 

After  the  Inspection,  the  SWPB  sends  the  association  a  Dam 
Safety  Inspection  Report  and  a  Maintenance  Schedule  Report. 
These  reports  identify  items  that  need  maintenance  and  provide  a 
schedule  of  the  maintenance  tasks  needing  to  be  completed.  The 
association  is  responsible  for  performing  the  maintenance  items 
within  the  times  specified.  Once  msiintenance  tasks  are  completed 
the  association  signs  the  Maintenance  Schedule  Report  and 
returns  the  report  to  the  SWPB. 
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The  dam  operator  or  association  members  may  perform  the 
maintenance  tasks.  However,  major  repairs  will  likely  to  be 
handled  by  a  contractor.  The  SWPB  may  assist  in  contracting  for 
repairs  and  may  supervise  the  repair  work. 


HYDRAULIC  SYSTEM  MAINTENANCE 

A  logbook  is  maintained  in  each  gatehouse.  Anytime  any 
adjustments,  maintenance  or  repairs  are  made  to  the  hydraulic 
gate  system,  a  note  should  be  made  in  the  logbook  of  the  activity. 
This  would  include,  but  is  not  limited  to,  changing  the  oil  filter, 
fixing  oil  leaks,  adding  hydraulic  oil,  taking  oil  samples,  adding 
nitrogen  to  the  system,  replacing  panel  lights,  etc. 

The  indicator  panel  inside  each  gate  operating  panel  has  a 
number  of  "F"  buttons  that  can  be  pushed  to  obtain  certain 
information.  The  "F"  buttons  provide  the  following  information: 
Fl-  %  gate  opening  for  each  gate. 
F2-  not  used. 
F3-  nimiber  of  cycles  that  pump  #1  has  operated  and  the 

amount  of  time  that  it  has  been  on. 
F4-  number  of  cycles  that  pump  #2  has  operated  and  the 
amount  of  time  that  it  h£is  been  on. 
To  get  the  display,  just  push  the  "F"  button.  The  other  buttons  in 
the  panel  are  not  used. 

Check  Operating  Panel  Lights:  To  check  the  lights  inside 
the  operating  panel,  press  both  stop  buttons  at  the  same  time. 
This  will  turn  on  all  the  light  bulbs  in  the  panel.  If  a  light  does  not 
turn  on,  it  should  be  replaced.  Spare  bulbs  are  maintained  in  the 
bottom  of  the  panel  box  and  in  the  desk  In  the  office.  The 
replacement  bulb  is:  CR104PXA54  GE. 

Depressurize  Hydraulic  System:  If  there  are  leaks  or  other 
problems  with  the  system,  the  system  should  be  depressurized 
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first  prior  to  any  work  being  performed.  First  turn  off  the  power  to 
the  system  and  'lock  out"  the  power.  Slowly  crack  the  drain  valve 
on  each  accumulator  (item  46  on  hydraulic  schematic)  which  will 
depressurlze  the  oil  In  each  accimiulator.  This  can  be  confirmed 
by  watching  the  accimiulator  pressure  gage.  The  balance  of  the 
system  will  still  be  pressurized  —  see  system  pressure  gage.  A 
hydraulic  oil  line  must  be  loosened  slowly  to  relieve  the  system 
pressure.  This  can  be  confirmed  by  watching  the  system  pressure 
gage.  Once  the  system  pressure  Is  removed,  the  system  can  then 
be  worked  on  safely. 

Changing  The  Oil  Filter:  The  oil  filter  on  the  hydraulic 
system  should  be  changed  every  12  months.  It  is  located  In  the 
blue  piping  cabinet  to  the  left  side  of  the  control  panel.  The  correct 
filter  is:  Parker  Filter  #926169  IOC  or  (PFS  100002  000). 

(1)  Turn  off"  the  power.  This  prevents  the  pump  fi-om  coming  on. 

(2)  Place  a  small  bucket  under  the  filter.  There  Is  about  1  quart 
of  oil  on  top  of  the  filter  that  will  leak  firom  the  system. 

(3)  Remove  the  filter.  A  filter  wrench  may  be  needed. 

(4)  Once  the  filter  has  been  removed,  remove  the  old  rubber 
gasket  that  goes  between  the  filter  and  the  filter  attachment 
point. 

(5)  Place  a  new  rubber  gasket  Into  the  retainer  where  the  old 
rubber  gasket  was  located.  Make  SLire  to  place  hydraulic  oil 
on  the  rubber  gasket  before  replacing  It. 

(6)  Put  on  the  new  filter. 

NOTE:  May  need  to  close  the  pressure  gage  valve  to  remove  and 
replace  the  filter. 

Changing  Hydraulic  Fluid:  The  hydraulic  fluid  in  the  gate 
operating  system  should  be  changed  when  it  becomes  dirty, 
contains  to  much  water,  or  oil  additives  break  down.  An  oil  sample 
firom  both  the  primary  and  auxlllaiy  hydraulic  systems  should  be 
taken  yearly  and  sent  to  CTC  Analytical  Services  in  Atlanta,  GA  for 
testing  (800-394-3669).  Ten  prepaid  sample  kits  cost  about  $300. 
Take  the  samples  fi-om  the  drain  valve  on  the  oil  tank.  When 
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taking  an  oil  sample,  discard  the  Initial  oil  (maybe  a  cup)  to  come 
out  of  the  valve.  This  oil  will  mostly  likely  contain  dirt  from  valve 
and  drain  piping.  CTC  will  return  a  report  with  the  test  results 
and  will  recommend  when  the  oil  should  be  changed. 

When  it  becomes  necessary  to  change  the  oil.  it  is  not 
necessary  to  depressurize  the  system.  Only  the  oil  in  the  tank  wlU 
be  changed.  Before  draining  the  oil,  mark  the  oil  level  on  the  site 
gage.  When  refilling  the  tank  with  new  oil,  only  fill  to  the  same 
mark.  The  hydraulic  fluid  to  use  is  32  weight  (vlscocity).    The 
tank  holds  150  gallons.  To  estimate  how  much  oil  to  purchase, 
use  a  percentage  of  the  tank  filled.  For  example,  if  the  oil  level  is 
%  fuU,  then  oil  needed  is  150  X  .75  =  112  gallons. 

Nitrogen  Precharge  Check:  The  nitrogen  in  the  two  large 
horizontal  bottles  is  used  to  operate  the  gates  in  case  of  a  power 
failure  or  pump  failure.  The  nitrogen  precharge  should  be  between 
1500  and  1550  psi. 

To  check  the  nitrogen  precharge,  first  turn  off  the  power  to 
the  system  and  "lock  out"  the  power.  Slowly  crack  the  drain  valve 
on  each  accumulator  (item  46  on  hydraulic  schematic)  which  will 
depressurize  the  oil  in  each  accimiulator.  This  can  be  confirmed 
by  watching  the  accumulator  oil  pressure  gage  (item  2 1  on 
hydraulic  schematic).  As  the  oil  pressure  falls  watch  the 
accimiulator  pressure  gage.  Watch  for  the  final  reading  before  the 
pressure  drops  ofi"to  zero.  It  should  stay  around  the  precharge 
level  then  drop  off  quickly  right  to  zero.  That  pressure  just  before 
the  drop  off  is  the  nitrogen  precharge. 

Once  the  accumulator  oil  pressure  is  "O",  the  nitrogen 
precharge  pressure  can  also  be  determined  by  reading  the 
accumulator  gas  pressure  gage  (item  50  on  hydraulic  schematic). 
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If  the  precharge  is  below  1500  psl,  additional  nitrogen  will 
need  to  be  added  to  the  system.  To  recJiarge  the  two  horizontal 
nitrogen  tanks,  the  following  items  will  be  required:  external 
nitrogen  tanks  (which  can  be  obtained  in  Sheridan),  a  regulator  for 
the  external  tanks  and  a  charging  kit  to  hook  the  external  nitrogen 
tank  to  the  horizontal  tanks.  The  last  two  items  (regulator  and 
charging  kit)  are  onsite  in  a  wooden  storage  box  on  the  floor  of  the 
primary  gatehouse. 

(1)  Turn  off  the  power  to  the  system  and  'lock  out"  the  power. 

(2)  Slowly  crack  the  drain  valve  on  each  accimiulator  (item  46 
on  hydraulic  schematic)  which  will  depressurize  the  oil  in 
each  accmnulator.  This  can  be  confirmed  by  watching  the 
accumulator  oil  pressure  gage. 

(3)  When  accumulator  oil  pressure  gage  (Item  2 1  on  hydraulic 
schematic)  is  "0",  close  accumulator  drain  valves. 

(4)  Secure  external  nitrogen  tank  to  the  wall. 

(5)  Hook  up  external  nitrogen  tank  to  the  system.  The 
regulator  should  be  mounted  to  the  external  tank  and  the 
charging  kit  is  used  to  connect  the  output  side  of  the 
regulator  to  the  horizontal  tanks. 

(6)  The  accumulator  gas  pressure  gage  (item  50  on  hydraulic 
schematic)  will  indicate  the  nitrogen  precharge  pressure. 

(7)  Turn  the  needle  check  valve  (bike  type  valve)  on  the 
horizontal  tank  to  the  right  (clockwise)  which  opens  the 
valve. 

(8)  The  valve  on  the  regulator  should  be  backed  out.  Open  the 
valve  on  the  external  tank  which  will  pressurize  the  supply 
side  of  the  regulator.  Slowly  close  the  valve  on  the 
regulator  which  will  Increase  the  output  pressure  gage  on 
the  regulator. 

(9)  To  get  nitrogen  to  flow  from  the  external  tank  to  the 
horizontal  tank,  the  output  pressure  on  the  regulator  must 
be  higher  (50  to  100  psij  than  the  precharge  pressure.  As 
the  pressure  in  the  horizontal  tanks  increases,  the  output 
pressure  on  the  regulator  must  be  Increased. 
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(10)  To  change  the  external  tank,  back  out  the  needle  check 
valve  (bike  type  valve)  to  Isolate  the  horizontal  tank,  close 
the  valve  on  the  external  tank,  and  loosen  regulator  slowly 
to  release  pressure  on  the  supply  side  of  the  regulator. 

(1 1)  Repeat  steps  (4)  through  (10)  until  the  pressure  in  the 
horizontal  tanks  is  between  1500  and  1550  psi. 


RECORD  KEEPING 

The  SWPB  maintains  records,  including  photographs,  of  all 
inspections  and  maintenance  requirements.  These  records  also 
include  seepage  monitoring  observations.  Anyone  who  wants  to 
review  these  records  may  do  so  in  the  SWPB's  office  at  the 
Department  of  Natural  Resources  and  Conservation  in  Helena. 

The  dam  operator  will  keep  records  of  the  reservoir 
elevations,  or  measurements,  and  any  unusual  conditions.  These 
records  may  be  reviewed  at  the  dam  operator's  house  or  at  the 
office  in  the  primary  gatehouse. 
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OPERATING  PLAN  FOR  TEffi 
TONGUE  RIVER  RESERVOIR 


This  plan  has  been  developed  to  fulfill  a  directive  in  the  Reserved  Water  Rights  Compact 
between  the  State  of  Montana,  the  United  States^  and  the  Northern  Cheyenne  Tribe 
(Compact),  which  specifies  that  the  five-member  Advisory  Committee  develops  an 
Operating  Plan  for  the  Tongue  River  Reservoir  consistent  with  purposes  of  the  Compact. 
The  plan  outlines  general  procedures  for  operating  the  Tongue  River  Reservoir  so  that  the 
State  of  Montana  through  the  Department  of  Natural  Resources  and  Conservation 
(DNRC)  can  meet  its  obUgations  under  the  Compact  and  fiilfill  its  Water  Marketing 
contracts  with  the  Tongue  River  Water  Users'  Association  (TRWUA),  and  the  existing 
7,500  acre-feet  contract  with  the  Bureau  of  Indian  Affairs  for  the  Northern  Cheyeime 
Tribe.   The  guidelines  include  procedures  for  storing  and  releasing  contract  water, 
passing  direct  flow  rights,  and  for  the  delivering  of  up  to  20,000  acre  feet  anniially  of 
stored  water  for  use  by  the  Northern  Cheyenne  Tribe  (NCT).  The  Plan  also  contains 
recommended  minimum  pool  levels,  downstream  release  rates,  and  recommendations 
regarding  water  for  fish  and  wildhfe  purposes. 

Attached  to  the  Plan  are  appendices  that  will  be  referenced  when  operating  the  Reservoir 
including:  (1)  detailed  reservoir  statistics  and  operational  facts,  (2)  the  DNRC  Manual  for 
Operation  and  Maintenance,  (3)  the  Emergency  Action  Plan,  (4)  the  Tongue  River 
Reservoir  Operating  Guide  provided  by  the  Natural  Resources  Conservation  Service,  (5) 
the  Tongue  River  Water  Modeling  Study,  Final  Report,  July  20,  1 990,  or  any  revision 
agreed  to  by  the  Compact  Parties,  6)  a  Ust  of  water  contracts  fi-om  the  NCT  and  TRWUA, 
7)  a  list  of  senior  downstream  water  rights,  and  8)  the  Compact. 

I.  Advisory  Committee  Guiding  Principles 

A.  Goals: 

1.  Fulfill  the  directives  of  the  Compact. 

2.  Ensure  that  obligations  to  the  NCT  are  fiilfilled. 

3.  Ensure  that  the  Water  Marketing  Conti^ct  with  the  TRWUA  is  met. 

4.  To  the  greatest  extent  possible,  ensure  that  the  Reservoir  is  operated  in 
a  safe,  efficient,  and  enviroimientally  sound  manner. 

5.  Provide  for  the  operation  of  the  project  for  fish  and  wildUfe  purposes, 
depending  on  water  availability. 

6.  Encourage  communication  between  interested  parties  and  seek  to 
improve  Plan  documentation  and  guidelines  through  such  interaction. 
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7.   All  Advisory  Committee  records,  including  data  collected  by  the  dam 
tender,  shall  be  made  available  for  Committee  review. 


B.  Guidelines: 

1 .  The  Advisory  Committee  shall,  at  its  annual  meeting,  agree  upon  a  Reservoir 
operation  schedule  setting  forth  proposed  uses  and  direct  flows  for  the  year. 
The  DNRC  or  its  successor,  shall  be  responsible,  consistent  with  the  terms  of 
the  Compact  and  other  apphcable  laws,  for  the  daily  operation  of  the 
Reservoir  and  the  implementation  of  the  Reservoir  Operating  Plan. 

2.  The  Advisory  Committee  will  meet  annually,  at  a  pre-arranged  location,  and 
periodically  via  conference  calls. 

3 .  A  simple  majority  of  at  least  three  of  the  five  Committee  members,  including 
one  member  fi-om  the  BIA  or  NCT,  must  be  present  at  all  conference  calls  and 
meetings. 

4.  Meeting  agendas  will  be  developed  in  advance  by  the  DNRC  representative, 
with  all  members  of  the  Advisory  Committee  contacted  prior  to  the  meeting 
so  they  have  the  opportunity  to  review  the  draft  agenda  and  include  additional 
agenda  items. 

5.  Standard  parliamentary  procedures  will  be  followed  for  all  Advisory 
Committee  meetings,  including  a  reading  of  minutes  firom  the  previous 
meeting,  agreement  on  the  minutes,  the  call  for  motions  and  seconding  of 
motions,  and  a  verbal  yes  or  no  vote  for  all  decisions  and/or  actions 
necessitating  the  full  Committee's  endorsement.  Meeting  minutes  will  be 
compiled  and  distributed  to  Committee  members  within  30  days.  Decisions 
will  be  made  by  consensus  if  possible  or  by  vote  if  necessary.  Three  members 
will  constitute  a  majority  vote  for  a  motion  to  pass.  A  chairman  will  be 
appointed  to  an  annual  term  by  the  Conamittee  to  conduct  meetings,  including 
call  for  motions,  setting  agendas,  and  general  protocol. 

6.  Amendments  to  the  Operating  Plan  will  be  made  in  March  of  each  year, 
unless  otherwise  agreed  to  and  arranged  by  unanimous  consent  of  the 
Advisory  Committee  members.  A  majority  vote  will  be  required  for  a  passage 
of  an  amendment. 

7.  The  membership  of  the  Advisory  Committee  shall  be  the  following: 

a)  One  member  appointed  by  the  NCT. 

b)  The  elected  President  of  the  Tongue  River  Water  Users  Association. 
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c)  The  current  Bureau  Chief  of  the  State  of  Montana  DNRC  State  Water 
Projects  Bureau. 

d)  The  oirrent  BIA  Superintendent,  Northern  Qieyenne  Agency, 
representing  the  United  States. 

e)  A  fifth  member  to  be  selected  by  the  above  four  members.  The  term 
of  appointment  for  this  member  will  be  one  water  year  (Oct.  1  - 
Sept30). 


n.  Regulation  of  Reservoir  Levels  and  Outflows 

A.  Goals: 

1 .  Provide  operating  criteria  and  release  schedule  for  the  upcoming  water  year. 

2.  Provide  stored  Compact  water  (20,000  AF  annually)  to  the  NCT. 

3.  Provide  7,500  AF  of  water  annually  imder  existing  contract  with  the  NCT. 

4.  Pass  through.senior  downstream  water  rights,  including  the  NCT's  direct  flow 
right  of  up  to  12,500  AF. 

5.  Satisfy  water  purchase  contracts. 

6.  Fill  the  Reservoir  during  spring  runoff. 

7.  Protect  the  Reservoir  intake  structure  from  freeze-thaw  damage. 

8.  Provide  water  for  Reservoir  and  downstream  fish  and  wildlife  when  available. 

9.  Maintain  adequate  carry-over  storage  in  the  Reservoir  during  the  fall,  winter, 
and  early  spring. 

10.  Maintain  appropriate  winter  outflow  from  the  Reservoir  to  minimize 
downstream  icing  problems. 

B.  Guidelines: 

1 .    The  DNRC  and  TRWUA  will  be  responsible  for  the  daily  operations  of  the 
dam  and  Reservoir,  and  implementation  of  the  Reservoir  Operating  Plan  once 
it  is  estabUshed.  The  dam  tender  hired  by  DNRC  and  the  TRWUA  will 
monitor  reservoir  elevations  and  storage  contents,  and  make  gate  adjustments 
at  the  Dam  as  needed.  The  dam  tender  will  make  visits  to  the  Reservoir  for 
gate  adjiastments  to  regulate  outflows,  including  storing  and  releasing  contract 
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and  Compact  water  or  for  other  purposes  when  special  circumstances  require. 
The  dam  tender  will  also  submit  monthly  reports  on  dam  operations  to  the 
Advisory  Committee. 

2.  The  dam  tender  will  keep  records  of  his  visits  to  the  project.  The  dam  tender 
will  record  elevation  and  storage  readings  weekly  from  May  1  through 
September  30,  and  biweekly  from  October  1  through  April  30,  every  year. 
Accounting  for  the  water  released  to  satisfy  confract  and  Compact  water  is  the 
responsibihty  of  the  TRWUA  and  the  dam  tender.  When  making  gate 
adjustments,  the  dam  tender  will  remain  on-site  long  enough  to  ensure  that  the 
desired  adjustment  is  achieved. 

3 .  The  dam  tender  will  notify  the  TRWUA  President  when  he/she  will  not  be 
available  to  operate  the  gate.  The  TRWUA  will  then  notify  the  DNRC  State 
Water  Projects  Bureau  (SWPB)  Helena  OfBce.  The  dam  gate  is  to  be 
operated  by  a  designated  DNRC  employee  or  TRWUA  back-up  person  when 
the  dam  tender  is  unavailable  and  when  operation  and  maintenance  work  is 
needed  at  the  project.  The  dam  tender  and  the  TRWUA  President  will  be 
provided  the  list  of  the  designated  DNRC  employees.  The  dam  tender  will 
immediately  notify  the  SWPB  Helena  Office  if  there  appears  to  be  any 
problem  with  the  operation  of  the  gate. 

4.  By  March  1  of  each  year,  the  DNRC  shall  evaluate  reservoir  storage, 
snowpack,  streamflow,  streamilow  forecast,  soil  moisture,  and  the  extended 
weather  forecast/outlook.  Results  of  DNRC  s  evaluation  will  be  presented  at 
the  Advisory  Committee's  next  scheduled  meeting,  but  no  later  than  March  3 1 
of  each  year.  If  the  reservoir  elevation  is  higher  than  average  and  indications 
are  that  a  wet,  high-runoff  spring  could  exist,  the  DNRC  and  TRWUA  will 
consider  increasing  the  outflow  so  that  some  storage  capacity  is  available  to 
confrol  downsfream  flooding.  If  the  reservoir  elevation  is  lower  than  average 
and  conditions  indicate  the  potential  for  a  dry,  low-runoff  spring,  the  DNRC 
will  inform  the  Advisory  Committee  of  the  potential  for  a  water  shortage  that 
year.  The  Advisory  Committee  will  implement  a  storage  plan  to  minimize  the 
impact  of  such  a  shortage. 

5.  When  the  spring  flood/runoff  period  has  ended,  the  dam  tender  will  notify  the 
DNRC  when  the  water  users  and  NCT  have  begim  to  call  for  release  of 
contract  or  Compact  water.  All  requests  for  water  releases  by  the  TRWUA 
and  the  NCT  will  be  made  and  coordinated  through  the  DNRC  as  determined 
by  the  Advisory  Committee.  The  TRWUA  and  the  NCT  will  submit  requests 
for  water  by  October  for  the  following  year's  water  use,  with  as  much  detail 
as  possible,  including  the  amount,  use,  and  timing,  to  be  incorporated  into  the 
Tongue  River  Water  Model. 

6.  During  the  development  of  the  Annual  Reservoir  Operating  Plan,  the 
Advisory  Cormnittee  will  take  into  account  the  NCT's  right  to  excess  water 
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and  exchange  water  as  defined  in  the  Compact  and  depending  upon  the  NCT's 
water  uses  in  the  water  year. 


7.    When  the  reservoir  storage  level  has  been  drawn  down  to  50,000  acre  feet,  the 
DNRC  will  inform  the  Advisory  Committee  so  they  may  determine  how  to 
allocate  the  remaining  water  in  the  Reservoir.  The  DNRC  will  establish  a 
benchmark  at  this  elevation. 


8.  The  reservoir  storage  contents  may  not  be  drawn  down  below  10,800  acre-feet 
after  September  30.  All  contracts  will  be  considered  satisfied  when  the 
reservoir  storage  reaches  this  level.  If  there  is  a  need  to  draw  storage  contents 
below  this  level,  the  Advisory  Committee  will  meet  to  set  a  revised  storage 
level.  A  suggested  absolute  minimum  pool  for  the  Reservoir  will  be  1 0,800 
acre-feet  (elevation  3396.0  feet)  for  protection  of  the  intake  structure  during 
winter  operation. 

9.  The  Advisory  Committee  recommends  that  the  maximum  preferred  carry-over 
be  45,000  AF  (elevation  3417.5  feet)  in  order  to  minimize  fi-eeze-thaw 
damage  to  the  dam  by  allowing  water  to  remain  at  the  bottom  of  the  concrete 
walls. 

10.  The  recommended  maximum  sustainable  outflow  through  the  low-level  outlet 
works  of  the  Reservoir  is  approximately  3,300  cfs. 

1 1.  The  minimum  outflow  of  the  Reservoir  during  the  winter  low  flow  period, 
from  Oct.  1  to  Mar.  1,  will  generally  be  the  inflow  or  175  cfs,  whichever  is 
less.  Cutting  outflows  to  below  the  minimum  will  be  allowed  only  as  needed 
to  accommodate  necessary  dam  safety  inspections,  maintenance,  dam  safety, 
or  other  emergency  purposes. 

12.  The  Reservoir  Operating  Plan  shall  provide  for  the  operation  of  the  project  for 
fish  and  wildhfe  purposes  depending  on  the  availability  of  water  on  an  anny^l 
basis.  This  provision  shall  not  create  an  operational  preference  for  fish  and 
wildlife  purposes  relative  to  other  project  purposes.  Minimum  pool  targets 
and  minimum  winter  outflow  rates  have  been  set  forth  under  guidelines  7  and 
10  above.  The  Advisory  Committee  also  may  consider  additional  reservoir 
releases  for  fish  spawning,  or  fish  and  wildlife  enhancement  when  a  surplus  of 
water  is  available  above  the  requirements  established  in  the  Compact. 
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m.  Emergency  Response 
A.    Goals: 


1 .  Provide  maximum  early  warning  in  the  event  of  a  failure  of  the 
Tongue  River  Dam. 

2.  Provide  maximum  early  warning  in  the  event  of  discharging  large 
inflows  over  the  spillway. 

3.  Minimize  loss  of  life  or  property. 


B.  Guidelines: 


1 .   The  TRWUA  and  DNRC  will  follow  the  Emergency  Action  Plan  for 
the  Tongue  River  Reservoir. 


m)  TV.  Maintenance 


A.  Goals: 


1 .  Maintain  the  Dam  in  good  condition  so  that  it  will  continue  to  fulfill 
its  function  providing  a  reUable  source  of  water. 

2.  Maintain  the  Dam  in  good  condition  so  as  to  minimize  the  risk  to  life 
or  property  downstream  of  the  Dam. 


B.  Guidelines: 


1 .  The  DNRC  will  operate  and  maintain  the  Reservoir  in  accordance  with 
the  Tongue  River  Reservoir  Manvial  for  Operation  and  Maintenance. 

2.  Inspections  of  the  Dam  will  be  in  accordance  with  Montana  State  Dam 
Safety  Guidelines. 
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APPENDIX  B 
RATING  CURVES  AND  TABLES 


Bl  2004 


TABLE  1.  SLOPE-ELEVATION-STORAGE  TABLE 


TONGUE  RIVER  DAM 


Slope  pins  located  at  boatramp  at  Peewee  Point. 

Pins  installed  and  elevation  established  during  Phase  1  construction  in  1996. 
The  0+00  pin  (brass  cap)  is  at  the  top  left  (southwest)  comer  of  the  boat  ramp. 
Measurements  are  made  down  the  center  of  the  boatramp.  Distances  from  the  0+00 

point  are  stamped  in  the  concrete  every  25  feet. 
Storage  volumes  from  1995  and  1996  reservoir  sun/eys. 
Storage  volumes  include  71 1  acre-feet  of  dead  storage. 


DISTANCE 

ELEVATION 

STORAGE 

DISTANCE 

ELEVATION 

STORAGE 

0+00 

3429.76 

84.351 

35 

3426.22 

71,360 

Brass  Cap 

3429.74 

84,274 

36 

3426.11 

70.975 

1 

3429.67 

84.002 

37 

3426.00 

70,590 

2 

3429.57 

84.614 

38 

3425.90 

70,240 

3 

3429.48 

83.264 

39 

3425.79 

69,855 

4 

3429.38 

82.876 

40 

3425.68 

69,470 

5 

3429.29 

82.526 

41 

3425.57 

69,085 

6 

3429.19 

82.138 

42 

3425.46 

68.700 

7 

3429.10 

81,789 

43 

3425.35 

68.315 

8 

3429.00 

81.400 

44 

3425.24 

67.930 

9 

3428.91 

81.013 

45 

3425.13 

67.545 

10 

3428.81 

80.632 

46 

3425.03 

67,195 

11 

3428.72 

80,289 

47 

3424.92 

66,769 

12 

3429.62 

79.909 

48 

3424.81 

66,393 

13 

3428.53 

79.566 

49 

3424.70 

66.016 

14 

3428.43 

79,185 

50 

3424.59 

65.640 

Spillway 

3428.40 

79.071 

51 

3424.47 

65.229 

15 

3428.34 

78.886 

52 

3424.34 

64,832 

16 

3428.24 

78.505 

53 

3424.22 

64.421 

17 

3428.13 

78.086 

54 

3424.10 

64,011 

18 

3428.03 

77.705 

55 

3423.97 

63.577 

19 

3427.93 

77.346 

56 

3423.85 

63.212 

20 

3427.83 

76,996 

57 

3423.72 

62.817 

21 

3427.72 

76,611 

58 

3423.60 

62.452 

22 

3427.62 

76.261 

59 

3423.48 

62,087 

23 

3427.52 

75.911 

60 

3423.35 

61,692 

24 

3427.41 

75.526 

61 

3423.23 

61.327 

25 

3727.31 

75,176 

62 

3423.11 

60.962 

26 

3427.20 

74,791 

63 

3422.98 

60.567 

27 

3427.09 

74.405 

64 

3422.86 

60.202 

28 

3426.98 

74.020 

65 

3422.74 

59.837 

29 

3426.87 

73.635 

66 

3422.61 

59,442 

30 

3426.77 

73.285 

67 

3422.49 

59.077 

31 

3426.66 

72.900 

68 

3422.37 

58.712 

32 

3426.55 

72,515 

69 

3422.24 

58.316 

33 

3426.44 

72,130 

70 

3422.12 

57,951 

34 

3426.33 

71 ,745 

71 

3421.99 

57,556 

DISTANCE 

ELEVATION 

STORAGE 

DISTANCE      ELEVATION  | 

STORAGE 
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TABLE  1.  SLOPE-ELEVATION-STORAGE  TABLE  (continued) 
TONGUE  RIVER  DAM 


DISTANCE 


DISTANCE 

ELEVATION 

STORAGE 

72 

3421.87 

57.191 

73 

3421.75 

56,826 

74 

3421.62 

56.431 

75 

3421.50 

56,066 

76 

3421.38 

55,701 

77 

3421.26 

55,336 

78 

3421.14 

54.971 

79 

3421.02 

54.606 

80 

3420.90 

54.241 

81 

3420.78 

53.876 

82 

3420.66 

53.511 

83 

3420.54 

53.147 

84 

3420.42 

52,782 

85 

3420.30 

52,417 

86 

3420.18 

52.052 

87 

3420.06 

51.507 

88 

3419.93 

51.322 

89 

3419.81 

51.010 

90 

3419.69 

50,697 

91 

3419.57 

50,385 

92 

3419.45 

50.072 

93 

3419.33 

49.760 

94 

3419.21 

49.447 

95 

3419.09 

49,135 

96 

3418.97 

48,822 

97 

3418.85 

48,510 

98 

3418.73 

48.197 

99 

3418.61 

47.885 

100 

3418.49 

47.572 

101 

3418.36 

47.234 

102 

3418.23 

46.895 

103 

3418.10 

46,556 

104 

3417.97 

46,218 

105 

3417.84 

45,879 

106 

3417.71 

45,541 

107 

3417.58 

45,202 

108 

3417.45 

44,864 

109 

3417.32 

45.525 

110 

3417.19 

46.218 

Brass  Cap 

3417.17 

44.135 

111 

3417.06 

43,848 

112 

3416.93 

43,510 

113 

3416.79 

43,145 

114 

3416.66 

42.806 

ELEVATION 


STORAGE 


DISTANCE 


DISTANCE 

ELEVATION 

STORAGE 

115 

3416.53 

42,468 

116 

3416.40 

42,129 

117 

3416.27 

41,791 

118 

3416.14 

41,452 

119 

3416.01 

41,114 

120 

3415.88 

40,821 

121 

3415.75 

40,533 

122 

3415.62 

40,245 

123 

3415.49 

39,956 

124 

3415.36 

39,668 

125 

3415.23 

39,380 

126 

3415.09 

39.069 

127 

3414.95 

38.758 

128 

3414.81 

38.448 

129 

3414.68 

38,159 

130 

3414.54 

37,849 

131 

3414.40 

37.538 

132 

3414.26 

37,228 

133 

3414.12 

36,917 

134 

3413.98 

36,607 

135 

3413.85 

36.318 

136 

3413.71 

36,008 

137 

3413.57 

35,697 

138 

3413.43 

35,386 

139 

3413.29 

35,076 

140 

3413.15 

34,765 

141 

3413.02 

34,477 

142 

3412.88 

34,166 

143 

3412.74 

33,856 

144 

3412.60 

33,545 

145 

3412.46 

33,235 

146 

3412.32 

32,924 

147 

3412.19 

32,636 

148 

3412.05 

32,325 

149 

3411.91 

32,051 

150 

3411.77 

31,798 

151 

3411.65 

31,581 

152 

3411.53 

31,364 

153 

3411.41 

31,147 

154 

3411.29 

30,930 

155 

3411.16 

30,695 

156 

3411.04 

30,478 

157 

3410.92 

30,261 

158 

3410.80 

30.044 

ELEVATION 


STORAGE 
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TABLE  1.  SLOPE-ELEVATION-STORAGE  TABLE  (continued) 
TONGUE  RIVER  DAM 


DISTANCE  I   ELEVATION 


DISTANCE 


DISTANCE 

ELEVATION 

STORAGE 

159 

3410.68 

29,826 

160 

3410.65 

29,609 

161 

3410.44 

29,392 

162 

3410.32 

29,175 

163 

3410.19 

28,940 

164 

3410.07 

43,145 

165 

3409.95 

28,506 

166 

3409.83 

28,289 

167 

3409.71 

28,072 

168 

3409.59 

27,855 

169 

3409.47 

27,638 

170 

3409.35 

27,421 

171 

3409.22 

27,186 

172 

3409.10 

26,968 

173 

3408.98 

26,751 

174 

3408.86 

26,534 

175 

3408.74 

26,317 

176 

3408.59 

26,046 

177 

3408.43 

25,757 

178 

3408.28 

25,485 

179 

3408.13 

25,214 

180 

3407.97 

24,935 

181 

3407.82 

24,719 

182 

3407.67 

24,603 

183 

3407.51 

24,272 

184 

3407.36 

24,056 

185 

3407.21 

23,840 

186 

3407.05 

23,609 

187 

3406.90 

23,393 

188 

3406.75 

23,177 

189 

3406.60 

22,961 

190 

3406.44 

22,730 

191 

3406.29 

22.514 

192 

3406.14 

22,298 

193 

3405.98 

22.067 

194 

3405.83 

21,851 

195 

3405.68 

21,635 

196 

3405.52 

21,404 

197 

3405.37 

21,188 

198 

3405.22 

20,972 

199 

3405.06 

20,741 

200 

3404.91 

20,525 

201 

3404.77 

20,323 

ELEVATION 


STORAGE 


202 

3404.64 

20,136 

203 

3404.50 

19,934 

204 

3404.36 

19,732 

205 

3404.22 

19,530 

206 

3404.09 

19,343 

207 

3403.95 

19,154 

208 

3403.81 

18,989 

209 

3403.68 

18,836 

210 

3403.54 

18.671 

211 

3403.40 

18.506 

212 

3403.26 

18.341 

213 

3403.13 

18.188 

214 

3402.99 

18,023 

215 

3402.85 

17,858 

216 

3402.71 

17,693 

217 

3402.58 

17,540 

218 

3102.44 

17,375 

219 

3402.30 

17,210 

220 

3402.17 

17,057 

221 

3402.03 

16,892 

-?•>•> 

3401.89 

16,727 

223 

3401.75 

16,562 

224 

3401.62 

16,409 

225 

3401.48 

16,244 

226 

3401.34 

16,079 

227 

3401.20 

15,914 

228 

3401.06 

15,749 

229 

3400.92 

15,585 

230 

3400.78 

15.420 

231 

3400.64 

15,255 

232 

3400.50 

15.090 

Brass  Cap 

3400.40 

14.972 

233 

3400.37 

14.937 

233.9 

3400.24 

14.783 

DISTACNE 


ELEVATION 


STORAGE 


STORAGE 
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TABLE  2.  TOTAL  STORAGE  IN  ACRE-FEET 
TONGUE  RIVER  RESERVOIR 


Elevation 

0.0 

0.1 

0.2 

0.3 

0.4 

0.5 

0.6 

0.7 

0.8 

0.9 

3,374 

711 

711 

711 

711 

711 

741 

772 

802 

833 

863 

3,375 

894 

905 

916 

927 

938 

949 

960 

971 

982 

993 

3,376 

1,004 

1,029 

1,054 

1,079 

1,104 

1,129 

1,154 

1.179 

1,205 

1,230 

3,377 

1,255 

1,280 

1,305 

1,330 

1,355 

1,380 

1,405 

1.431 

1,456 

1,481 

3,378 

1,506 

1,531 

1.556 

1,581 

1,606 

1,632 

1,657 

1.682 

1,707 

1.732 

3,379 

1.757 

1,782 

1.807 

1,833 

1,858 

1,883 

1,908 

1,933 

1,958 

1.983 

3,380 

2.008 

2,045 

2.081 

2,118 

2,154 

2,191 

2,227 

2,264 

2,300 

2.337 

3,381 

2.373 

2.410 

2.446 

2,483 

2,519 

2,555 

2,592 

2,628 

2,665 

2.701 

3,382 

2.738 

2,774 

2,811 

2,847 

2,884 

2,920 

2,957 

2,993 

3,030 

3.066 

3,383 

3,103 

3,139 

3,176 

3,212 

3,248 

3,285 

3,321 

3.358 

3,394 

3.431 

3,384 

3.467 

3.516 

3,566 

3,615 

3,664 

3,713 

3,762 

3.811 

3,860 

3.909 

3,385 

3,959 

4.008 

4.057 

4,106 

4,155 

4,204 

4,253 

4.302 

4,351 

4,401 

3,386 

4,450 

4.499 

4.548 

4,597 

4,646 

4,695 

4,744 

4,794 

4,843 

4.892 

3,387 

4,941 

4.990 

5.039 

5,088 

5,137 

5,186 

5,236 

5,285 

5,334 

5,383 

3,388 

5,432 

5,493 

5,554 

5.616 

5,677 

5,738 

5,799 

5,860 

5,922 

5,983 

3,389 

6,044 

6,105 

6.166 

6,228 

6,289 

6,350 

6,411 

6,472 

6,534 

6,595 

3,390 

6.656 

6.717 

6.778 

6,839 

6,901 

6,962 

7,023 

7.084 

7,145 

7,207 

3,391 

7,268 

7.329 

7.390 

7,451 

7,513 

7,574 

7,635 

7.696 

7,757 

7,819 

3,392 

7,880 

7.953 

8,026 

8,099 

8,173 

8,246 

8,319 

8,392 

8.465 

8,539 

3,393 

8,612 

8,685 

8.758 

8,832 

8,905 

8,978 

9,051 

9,125 

9.198 

9,271 

3,394 

9,344 

9.417 

9.491 

9,564 

9,637 

9,710 

9,784 

9,857 

9.930 

10,003 

3,395 

10,076 

10.150 

10.223 

10,296 

10,369 

10,443 

10,516 

10,589 

10.662 

10,735 

3,396 

10,809 

10.901 

10.993 

11,086 

11,178 

11,270 

11,362 

11,455 

11.547 

11,639 

3,397 

11,732 

1 1 ,824 

11.916 

12,009 

12,101 

12,193 

12.285 

12,378 

12,470 

12,562 

3,398 

12,655 

12,747 

12.839 

12,932 

13,024 

13,116 

13.208 

13,301 

13,393 

13,485 

3,399 

13,578 

13.670 

13,762 

13,855 

13,947 

14,039 

14.131 

14,224 

14.316 

14,408 

3,400 

14.501 

14.618 

14,736 

14,854 

14,972 

15,090 

15.208 

15,325 

15,443 

15.561 

3,401 

15,679 

15.797 

15,915 

16,033 

16,150 

16,268 

16.386 

16,504 

16,622 

16,740 

3,402 

16.857 

16.975 

17.093 

17,210 

17,328 

17,446 

17,564 

17,682 

17,799 

17,917 

3,403 

18.035 

18.153 

18.271 

18,389 

18,506 

18,624 

18.742 

18,860 

18,978 

19,059 

3,404 

19,213 

19.357 

19.502 

19,646 

19,790 

19,934 

20,078 

00  900 

20,366 

20,510 

3,405 

20,655 

20.799 

20.943 

21,087 

21,231 

21.375 

21,519 

21.664 

21,808 

21,952 

3,406 

22,096 

22,240 

22.384 

22,528 

22,673 

22.817 

22,961 

23,105 

23,249 

23,393 

3,407 

23,537 

23,681 

23,826 

23,970 

24,114 

24,258 

24,402 

24,546 

24,690 

24,835 

3,408 

24,979 

25,160 

25,340 

25,521 

25,702 

25,883 

26,064 

26,245 

26,426 

26,607 

3,409 

26.788 

26,968 

27,149 

27,330 

27,51 1 

27,692 

27,873 

28,054 

28,235 

28,416 

3,410 

28,596 

28,/// 

28,958 

29,139 

29,320 

29,501 

29.687 

29,863 

30,044 

30,224 
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TABLE  2.  TOTAL  STORAGE  IN  ACRE-FEET  (continued) 
TONGUE  RiVER  RESERVOIR 


Elevation 

i     0.0 

0.1 

0.2 

0.3 

0.4 

0.5 

0.6 

0.7 

0.8 

0.9 

3,411          30,405 

30.586 

30.767 

30.948 

31,129 

31.310 

31,491 

31.672 

31,852 

32,033 

3,412          32,214 

32.436 

32.658 

32.880 

33.102 

33,323 

33.545 

33.767 

33.989 

34,211 

3,413          34,433 

34.654 

34,876 

35.098 

35.320 

35.542 

35.764 

35.985 

36,207 

36,429 

3,414          36,651 

36.873 

37,095 

37,316 

37.538 

37,760 

37.982 

38.204 

38,426 

38,647 

3,415 

38,869 

39,091 

39.313 

39.535 

39.757 

39,978 

40.200 

40,422 

40,644 

40.866 

3,416 

41,088 

41.348 

41.608 

41.869 

42.129 

42,390 

42.650 

42,911 

43,171 

43.431 

3,417 

43,692 

43.952 

44,213 

44.473 

44.734 

44,994 

45.254 

45,515 

45,775 

46.036 

3,418 

46,297 

46.556 

46,817 

47,077 

47.338 

47.598 

47.859 

48.119 

48,379 

48,640 

3,419 

48,900 

49.161 

49,421 

49.681 

49.942 

50.202 

50.463 

50,723 

50,984 

51,244 

3,420 

51,504 

51.808 

52,113 

52.417 

52.721 

53.025 

53,329 

53.633 

53,937 

54,241 

3,421 

54.545 

54,850 

55.154 

55.458 

55.762 

56.066 

56.370 

56.674 

56,978 

57.282 

3,422 

57,586 

57.891 

58.195 

58.499 

58.803 

59.107 

59,411 

59,715 

60,019 

60.323 

3,423 

60,628 

60.932 

61,236 

61.540 

61.844 

62,148 

62,452 

62,756 

63,060 

63.364 

3,424 

63,669 

64.011 

64,353 

64.695 

64.990 

65.332 

65,674 

66,016 

66.358 

66.701 

3,425 

67,090 

67.440 

67.790 

68.140 

68.490 

68.840 

69.190 

69.540 

69.890 

70.240 

3,426 

70,590 

70.940 

71.290 

71.640 

71,990 

72.340 

72.690 

73,040 

73.390 

73.740 

3,427 

74,090 

74.440 

74.791 

75.141 

75.491 

75.841 

76.191 

76.541 

76,891 

77,241 

3,428 

77.591 

77.972 

78.353 

78.734 

79.071 

79.452 

79.833 

80.213 

80,594 

80,975 

3,429 

81,400 

81.787 

82.177 

82,565 

82,953 

83.342 

83.730 

84,118 

84,507 

84,895 

3,430 

85.283 

85.671 

86.060 

86,448 

86,836 

87.225 

87.613 

88,001 

88,389 

88,778 

3,431 

89,166 

89.554 

89.943 

90,331 

90.719 

91,107 

91,496 

91,884 

92,272 

92.661 

3,432 

93,049 

93,467 

93,884 

94,302 

94,720 

95.137 

95.555 

95.973 

96,390 

96.808 

3,433 

97,226 

97.643 

98,061 

98,479 

98.896 

99,314 

99,732 

100.149 

100,567 

100,985 

3,434 

101,402 

101,820 

102,238 

102.656 

103,073 

103,491 

103.909 

104.326 

104,744 

105,162 

3,435 

105.579 

105,997 

106,415 

106.832 

107,250 

107,668 

108.085 

108,503 

108,921 

109,338 

3,436 

109,756 

110,204 

110,651 

111.099 

111,546 

111.993 

112.441 

112.888 

113,336 

113,783 

3,437 

114,231 

114,678 

115,126 

115.573 

116,021 

116,468 

116.916 

117.363 

117,811 

118,258 

3,438 

118,705 

119,153 

119,600 

120,048 

120,495 

120,943 

121.390 

121,838 

122,285 

122,733 

3,439 

123,180 

123,628 

124,075 

124,522 

124,970 

125,417 

125.865 

126,312 

126,760 

127,207 

3,440 

127.655                 1 

NOTE:  Storage  table  compiled  from  1995  and  1996  reservoir  surveys. 

Dead  storage  is  71 1  acre-feet  from  elevation  3360.0  to  3374.4  feet. 


Spillway  Crest 
Emergency  Spillway  Crest 
Dam  Crest 


Elevation  3,428.4  feet 
Elevation  3.431 .5  feet 
Elevation  3.444.0  feet 


Storage  79.071  acre-feet 
Storage  91 ,107  acre-feet 
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TABLE  3.  PRINCIPAL  SPILLWAY  DISCHARGE 
TONGUE  DAM 


Reservoir  Surface 

Elevation 

(feet) 

Depth  Over 
Crest 
(feet) 

Discharge 
(cfs) 

3,428.40 

0.00 

0 

3.429.75 

1.35 

3.941 

3,430.53 

2.13 

7.617 

3.431.52 

3.12 

12.036 

3,433.42 

5.02 

19.376 

3.434.96 

6.56 

23,930 

3,436.03 

7.63 

27.126 

3.437.27 

8.87 

30.786 

3,438.03 

9.63 

32.866 

3,438.81 

10.41 

35,059 

3.439.52 

11.12 

37,256 

3.441.59 

13.19 

43,088 

3.443.32 

14.92 

48,175 

3.444.00 

15.60 

50,000 

PRINCIPAL  SPILLWAY  RATING  CURVE 
TONGUE  DAM 

14- 
|l2- 

gio- 

|- 
2- 

-> 

^ 

^^ 

,^ 

f^^ 

^^ 

^ 

ir 

^ 

^^ 

^ 

' 

_^,^-< 

"^ 

0  i 

c 

5,000  - 
10.000  - 
15,000- 

g 

8.20,000  - 
-S«25,000  - 
30,000  ■ 
35,000  - 
40,000  - 
45,000  - 

en  nnn 

D 


Note:  Data  from  Final  Design  Report  for  Roller  Compacted  Concrete  (RCC)  Emergency 
Spillway  (Phase  II  Construction)  January,  1997. 
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TABLE  4.  EMERGENCY  SPILLWAY  DISCHARGE 
TONGUE  DAM 


Reservoir  Surface 

Elevation 

(feet) 

Depth  Over 
Crest 
(feet) 

Discharge 
(cfs) 

3,431.5 

0 

0 

3.432.0 

0.5 

700 

3,433.0 

1.5 

3,900 

3.434.0 

2.5 

8,600 

3.435.0 

3.5 

14.700 

3.436.0 

4.5 

22.000 

3.437.0 

5.5 

30.400 

3.438.0 

6.5 

39.700 

3.439.0 

7.5 

50.200 

3.440.0 

8.5 

61.200 

3,441.0 

9.5 

72.700 

3.442.0 

10.5 

84.900 

3.443.0 

11.5 

97.100 

3,444.0 

12.5 

109,200 

EMERGENCY  SPILLWAY  RATING  CURVE 
TONGUE  DAM 


It  ■ 

12  - 

^ 

•2in  - 

^ 

^ 

"^ 

&    8- 

O    ° 

.^ 

r-^ 

?   6- 

^ 

"^ 

O   ^ 

r^ 

t  1 

■^ 

^r*' 

^       ■ 

> 

r^ 

Q 

2  - 

,^ 

y 

0< 

i 

h— 

1 — 

1 — 

1 — 

1 — 

o 
o 
o 


o 
o 
o 
o 

CO 


o 
o 
o 


o 
o 
o 


Discharge  (cfs) 


Note:  Data  from  Final  Design  Report  for  Roller  Compacted  (Concrete  (RCC)  Emergency 
Spillway  (Phase  II  Constmction)  January,  1997. 
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TABLE  5.  PARSHALL  FLUME  RATING  TABLE 
9  INCH  THROAT 


Location:  Flume  Vault  Building  --  left  and  right  flume 


HEAD 

DISCHARGE 

HEAD 

DISCHARGE 

HEAD 

DISCHARGE 

(FT) 

(GPM) 

(FT) 

(GPM) 

(FT) 

(GPM) 

0.10 

41 

0.41 

352 

0.71 

816.0 

0.11 

47 

0.42 

365 

0.72 

834.0 

0.12 

54 

0.43 

379 

0.73 

851.0 

0.13 

61 

0.44 

392 

0.74 

869.0 

0.14 

68 

0.45 

406 

0.75 

887.0 

0.15 

76 

0.46 

420 

0.76 

905.0 

0.16 

83 

0.47 

434 

0.77 

924.0 

0.17 

92 

0.48 

448 

0.78 

942.0 

0.18 

100 

0.49 

463 

0.79 

961.0 

0.19 

109 

0.50 

477 

0.80 

979.0 

0.20 

117 

0.51 

492 

0.81 

998.0 

0.21 

127 

0.52 

507 

0.82 

1017.0 

0.22 

136 

0.53 

522 

0.83 

1036.0 

0.23 

145 

0.54 

537 

0.84 

1055.0 

0.24 

155 

0.55 

552 

0.85 

1074.0 

0.25 

165 

0.56 

567.0 

0.86 

1094.0 

0.26 

175 

0.57 

583.0 

0.87 

1113.0 

0.27 

186 

0.58 

599.0 

0.88 

1133.0 

0.28 

196 

0.59 

615.0 

0.89 

1153.0 

0.29 

207 

0.60 

631.0 

0.90 

1173.0 

0.30 

218 

0.61 

647.0 

0.91 

1193.0 

0.31 

230 

0.62 

663.0 

0.92 

1213.0 

0.32 

241 

0.63 

679.0 

0.93 

1233.0 

0.33 

253 

0.64 

696.0 

0.94 

1253.0 

0.34 

264 

0.65 

713.0 

0.95 

1274.0 

0.35 

276 

0.66 

730.0 

0.96 

1294.0 

0.36 

288 

0.67 

747.0 

0.97 

1315.0 

0.37 

301 

0.68 

764.0 

0.98 

1336.0 

0.38 

314 

0.69 

781.0 

0.99 

1357.0 

0.39 

326 

0.70 

798.0 

1.00 

1378.0 

0.40 

339 

Note:  Free  flow  discharge.  Data  provided  by  Planti-Fab,  manufacturer. 
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TABLE  6.  PALMER-BOWLUS  FLUME  RATING  TABLE 
12  INCH  THROAT 


Location:  Flume  Vault  Building  --  middle  flume 


HEAD 

DISCHARGE 

HEAD 

DISCHARGE 

(FT) 

(GPM) 

(FT) 

(GPM) 

0.01 

0.36 

184 

0.02 



0.37 

194 

0.03 

0.38 

205 

0.04 

4 

0.39 

215 

0;05 

6 

0.40 

227 

0.06 

8 

0.41 

238 

0.07 

11 

0.42 

250 

0.08 

14 

0.43 

262 

0.09 

17 

0.44 

274 

0.10 

20 

0.45 

287 

0.11 

23 

0.46 

300 

0.12 

27 

0.47 

313 

0.13 

31 

0.48 

326 

0.14 

35 

0.49 

340 

0.15 

39 

0.50 

354 

0.16 

43 

0.51 

405 

0.17 

48 

0.52 

420 

0.18 

53 

0.53 

437 

0.19 

58 

0.54 

453 

0.20 

63 

0.55 

470 

0.21 

69 

0.56 

487 

0.22 

75 

0.57 

504 

0.23 

81 

0.58 

522 

0.24 

87 

0.59 

540 

0.25 

93 

0.60 

558 

0.26 

100 

0.61 

577 

0.27 

107 

0.62 

595 

0.28 

115 

0.63 

614 

0.29 

122 

0.64 

633 

0.30 

130 

0.65 

653 

0.31 

138 

0.66 

672 

0.32 

147 

0.67 

692 

0.33 

156 

0.68 

712 

0.34 

165 

0.69 

732 

0.35 

174 

0.70 

752 

Note:  Free  flow  discharge.  Data  provided  by  Planti-Fab,  manufacturer. 
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TABLE  7.  V-NOTCH  WEIR  RATING  TABLE 


HEAD 

DISCHARGE 

HEAD 

DISCHARGE         1 

(IN) 

(GPM)     1       (CFS) 

(IN) 

(GPM)     1       (CFS)     1 



4.1 

77.8 

0.173 





4.2 

82.6 

0.184 



4.3 

87.5 

0.195 







4.4 

92.6 

0.206 

0.5 

0.4 

0.001 

4.5 

98.0 

0.218 

0.6 

0.7 

0.001 

4.6 

103.4 

0.230 

0.7. 

1.0 

0.002 

4.7 

109.1 

0.243 

0.8 

1.4 

0.003 

4.8 

115.0 

0.256 

0.9 

1.8 

0.004 

4.9 

121.0 

0.270 

1.0 

2.4 

0.005 

5.0 

127.2 

0.283 

1.1 

3.0 

0.007 

5.1 

133.6 

0.298 

1.2 

3.7 

0.008 

5.2 

140.2 

0.312 

1.3 

4.5 

0.010 

5.3 

147.0 

0.328 

1.4 

5.4 

0.012 

5.4 

154.0 

0.343 

1.5 

6.4 

0.014 

5.5 

161.2 

0.359 

1.6 

7.5 

0.017 

5.6 

168.5 

0.375 

1.7 

8.8 

0.020 

5.7 

176.1 

0.392 

1.8 

10.1 

0.022 

5.8 

183.8 

0.410 

1.9 

11.5 

0.026 

5.9 

191.8 

0.427 

2.0 

13.1 

0.029 

6.0 

199.9 

0.445 

2.1 

14.8 

0.033 

6.1 

208.3 

0.464 

2.2 

16.6 

0.037 

6.2 

216.9 

0.483 

2.3 

18.5 

0.041 

6.3 

225.6 

0.503 

2.4 

20.6 

0.046 

6.4 

234.6 

0.523 

2.5 

22.8 

0.051 

6.5 

243.8 

0.543 

2.6 

25.1 

0.056 

6.6 

253.2 

0.564 

2.7 

27.6 

0.061 

6.7 

262.9 

0.586 

2.8 

30.2 

0.067 

6.8 

272.7 

0.608 

2.9 

32.9 

0.073 

6.9 

282.8 

0.630 

3.0 

35.8 

0.080 

7.0 

293.0 

0.653 

3.1 

38.9 

0.087 

7.1 

303.5 

0.676 

3.2 

42.1 

0.094 

7.2 

314.2 

0.700 

3.3 

45.4 

0.101 

7.3 

325.2 

0.725 

3.4 

48.9 

0.109 

7.4 

336.3 

0.749 

3.5 

52.5 

0.117 

7.5 

347.7 

0.775 

3.6 

56.3 

0.126 

7.6 

359.3 

0.801 

3.7 

60.3 

0.134 

7.7 

371.2 

0.827 

3.8 

64.4 

0.144 

7.8 

383.2 

0.854 

3.9 

68.7 

0.153 

7.9 

395.5 

0.881 

4.0 

73.1 

0.163 

8.0 

408.1 

0.909 

Q  =  (2.49(H/12)^'*^)(448.83) 
Q  in  gpm 
H  in  inches 
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APPENDIX  C 

EMERGENCY  GATE  MAINTENANCE 
PROCEDURES 
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Emergency  Gate  Maintenance  Procedures 


The  maintenance  mode  of  operation  is  for  the  emergency  gates 
only  for  both  outiets.  The  procedure  below  relates  to  removal  of 
the  gate  leaf  from  the  gate  shaft  for  maintenance  activities. 

Removal  of  the  emergency  gate  should  only  be  done  with 
SWPB  staff  onsite. 


The  following  terms  are  used  in  this  procedure. 

Mamtenance  Stem.  Maintenance  stem  consists  of  a  short 
length  of  stem  (approximately  1  ft.  long)  with  a  male  clevis  on 
one  end  and  a  female  clevis  on  the  other  end.  The  pln-to-pln 
distance  of  the  maintenance  stem  is  approximately  16  in.  long. 

Gate  Stem.  Each  gate  is  equipment  with  8  stem  sections, 
approximately  8  ft.  long  plus  one  additional  stem  somewhat 
shorter  that  connects  to  the  gate  leaf  itself.  Each  stem  Is 
equipped  with  a  male  clevis  on  one  end  and  a  female  cIca^  on 
the  other  end. 

Mamtenance  Clevis.  The  maintenance  clevis  is  the  clevis  used 
to  connect  the  hydraulic  cylinder  piston  rod  to  the  gate 
mounted  lifting  lug.  This  clevis  is  wider  than  the  regular 
piston  mounted  clevis  to  accommodate  the  larger  width  of  the 
gate  lifting  lug. 

1.  Removal  of  Gate  For  Maintenance 

Initial  Position  of  Gates:  Downstream  operating  gate 
Jull  closed.  Emergency  gate  full  open  under  bcdanced 
water  pressure. 

(a)  In  the  main  gate  control  panel,  turn  "Malnt.  Switch"  to 
"MAINT."  This  places  the  control  of  the  emergency  gate  to 
the  push  button  control  box  on  the  wall  near  the 
emergency  gate  in  the  maintenance  pit. 

The  raise  and  lower  buttons  are  "momentary  contact 
switches"  so  that  when  they  are  pushed  they  provide 
power  for  only  as  long  as  they  are  pushed  down.  When 
the  button  is  held  doAvn  for  10  seconds  or  longer,  then  the 
pump  will  operate  continuously  until  the  stop  button  is 
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pushed  or  the  cylinder  reaches  the  full  open  or  closed 
position. 

(b)  Engage  dogging  device  under  clevis  of  second  gate  stem 
and  lower  gate  until  gate  weight  load  is  transferred  from 
the  hydraulic  cylinder  to  the  dogging  device. 

(c)  Disconnect  first  gate  stem  fi-om  second  gate  stem  by 
removing  cotter  pin  and  main  pin  firom  clevis. 

(d)  Lower  hydraulic  cylinder  until  top  gate  stem  clevis  is 
within  reach  and  remove  first  gate  stem. 

(e)  Install  maintenance  stem  to  hydraulic  cylinder  clevis. 

(f)  Lower  hydraulic  cylinder  and  connect  maintenance  stem 
to  dogged  stem. 

(g)  Begin  raising  gate,  retract  dogging  device,  and  continue 
raising  gate  until  cylinder  is  at  full  raised  position. 

(h)  Engage  dogging  device  under  clevis  of  next  gate  stem  and 

transfer  load  from  cylinder  to  the  dogging  device, 
(i)  Disconnect  upper  gate  stem  from  lower  gate  stem  by 

removing  cotter  pin  and  main  pin  fi"om  clevis, 
(j)  Lower  hydraulic  cylinder  until  top  clevis  of  gate  stem  is 

within  reach  and  disconnect  and  remove  gate  stem  fi-om 

maintenance  stem, 
(k)  Lower  hydraulic  cylinder  and  connect  maintenance  stem 

to  dogged  stem. 
(1)  Repeat  Steps  (g)  through  (k)  until  second  to  last  stem  is 

removed, 
(m) Lower  hydraulic  cylinder  and  connect  maintenance  stem 

to  last  dogged  gate  stem, 
(n)  Raise  hydraulic  cylinder  imtil  flange  of  gate  leafs  top 

girder  is  above  dogging  device  and  engage  dogging  device 

underneath  top  girder  flange, 
(o)  Lower  gate  until  gate  weight  load  is  transferred  fi-om  the 

hydraulic  cylinder  to  the  dogging  device  at  the  top  girder. 

Make  sure  the  front  tabs  of  the  dogging  arm  engage  the 

underside  of  girder  flange, 
(p)  Remove  last  gate  stem, 
(q)  Remove  maintenance  stem, 
(r)  Remove  piston  rod  mounted  clevis  by  loosening  set  screw 

and  unthreading  the  clevis  firom  the  stem, 
(s)  Install  maintenance  clevis  to  hydraulic  cylinder  piston 

rod. 

Note:  Tighten  set  screw  in  clevis  and  make  sure  lead 
shot  is  between  set  screw  and  hydraulic  stem. 
Otherwise,  threads  get  marred  and 
removal/installation  of  clevis  is  difficult, 
(t)  Lower  hydraulic  cylinder  and  connect  maintenance  clevis 

to  gate  leaf. 
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(u)  Raise  gate  up  until  gate  mounted  maintenance  lugs  line 
up  with  monorail  trolleys  (auxiliary  emergency  gates)  or 
maintenance  hanger  (primary  emergency  gate).  Connect 
same  with  provided  pins/shackles.  Remove  pin  from 
maintenance  clevis  to  detach  gate  from  hydraulic 
cylinder. 

(v)  (AuxOicuy  Gate  Only).  Gate  can  be  manually  moved  in 
downstream  direction  via  maintenance  troUeys  to  limits  of 
stops  on  monorail  beams. 

2.  Reinstallation  of  Gate 

Initial  Position  of  Gates:  Downstrecun  operating  gate 
closed.  Emergency  gate  hanging  in  maintenance 
position  on  hanger/  trolleys. 

(a)  With  maintenance  clevis  installed  on  hydraulic  cylinder 
piston  rod,  attach  clevis  to  gate  mounted  lifting  lug. 

(b)  Operate  hydraulic  cylinder  to  transfer  load  from 
maintenance  hanger/trolleys  to  the  hydraulic  cylinder. 

(c)  Remove  pins  to  disengage  gate  mounted  maintenance 
lugs  from  hanger/trolleys. 

(d)  Lower  gate  leaf  and  engage  dogging  device  under  topmost 
girder  flange  of  gate  leaf.  Lower  until  gate  leaf  weight  is 
taken  by  the  dogging  device. 

(e)  Disconnect  gate  leaf  from  maintenance  clevis  and  remove 
maintenance  clevis, 

(f)  Install  regular  piston  rod  clevis. 

Note:  Tighten  set  screw  in  clevis  and  make  sure  lead 
shot  is  between  set  screw  and  hydraulic  stem. 
Otherwise,  threads  get  marred  and 
removal/installation  of  clevis  is  difficult. 

(g)  Attach  maintenance  stem  to  clevis. 

(h)  Attach  bottommost  gate  stem  to  maintenance  stem. 

Raise  hydraulic  cylinder  and  connect  stem  to  gate. 

Transfer  load  from  dogging  device  to  hydraulic  cylinder, 
(i)  Disengage  doggtag  device  from  gate  and  lower  gate  via 

hydraulic  cylinder, 
(j)  Engage  doling  device  under  top  clevis  of  gate  stem  and 

transfer  load  from  cylinder  to  the  dogging  device, 
(k)  Disconnect  bottom  gate  mounted  stem  from  maintenance 

stem/hydraulic  cylinder. 
(1)  Attach  next  loose  gate  stem  to  maintenance  stem  and 

raise  hydraulic  cylinder. 
(m)Connect  loose  gate  stem  to  dogged  stem.  Transfer  load 

back  to  stems  by  operating  hydraulic  cylinder. 
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(n)  Disengage  dogging  device  and  lower  gate  via  hydraulic 

cylinder.  ,     ^    ^       i. 

(o)  Repeat  Steps  (j)  through  (n)  until  all  but  last  stem  has 

been  installed. 

During  lowering  of  the  gate,  make  sure  gate  stem 
rods  remain  under  tension.  Also,  make  sure  gate 
guides  engage  guide  rails.  r     .     ^  a 

(p)  Engage  dogging  device  under  top  clevis  of  gate  stem  and 

tranter  load  from  cylinder  to  the  dogging  device, 
(q)  Remove  maintenance  stem.  Raise  hydraulic  cylinder, 
(r)  Insert  last  gate  stem. 

(s)  Lower  gate  to  full  closed  position.  ^^^^.^ 

t)  Switch  "Malnt.  Switch"  back  to  "Normal  mode  to  transfer 

control  of  hydraulic  cylinder  from  maintenance 

pushbutton  station  to  main  control  panel. 
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APPENDIX.!} 
INSPECTION  REPORT  FORM 


I) 


Dl  2004 


DEPARTMENT  OF  NATURAL  RESOURCES  AND  CONSERVATION 
DAM  SAFETY  INSPECTION  REPORT 

NAME  OF  DAM 
DATE  INSPECTED 


O 


INVENTORY  NO. 

HAZARD  CATEGORY 

TYPE  OF  DAM 

YEAR  BUILT 


OWNER 

OPERATOR 
STREAM 


DRAINAGE  AREA 


Reservoir  Storage  Status 


Water  Surface  Elevation  Storage 

(feet)  (acre-feet) 


At  time  of  inspection 

At  spillway  crest 

At  min.  dam  crest  elevation 


1.  EMBANKMENT 

A.  Crest  -  Height=  Length= 

I   (1 )  Any  visual  settlements? 


Width= 


(2)  Any  misalignments? 


(3)  Any  cracking? 


(4)  Any  traffic  damage? 

(5)  Other? 


i 


D2 
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ITEM 


YES 


NO 


REMARKS 


1.  EMBANKMErfT  (continued) 


(1 )  Any  erosion? 

(2)  Any  longitudinal  cracks? 

(3)  Any  transverse  cracks? 

(4)  Is  riprap  protection  adequate? 

(5)  Any  stone  deterioration? 

(6)  Any  visual  settlement,  slumps, 
sloughing,  depressions  or 
bulges? 

(7)  Adequate  grass  cover? 

(8)  Debris  on  the  dam  face? 

(9)  Other? 

C.  Downstream  Face-Slope= 

(1)  Any  erosion? 

(2)  Any  longitudinal  cracks? 

(3)  Any  transverse  cracks? 

(4)  Any  visual  settlement,  slumps, 
sloughing,  depressions  or 
bulges? 

(5)  Is  the  toe  drain  dry? 

(6)  Are  the  relief  wells  flowing? 

(7)  Any  boils  at  the  toe? 

(8)  Any  seepage  areas? 

(9)  Any  traffic  or  animal  damage? 

(10)  Any  burrowing  animals? 

(1 1 )  Adeguate  grass  cover? 

(12)  Other? 

D.  Amount  and  Type  of  Vegetation  on  the  Dam 


D3 


2004 


ITEM 


2.  ABUTMENT  CONTACTS 


YES 


NO 


REMARKS 


A)  Any  erosion? 

B)  Any  visual  differential  movement? 

C)  Any  cracks? 

D)  Any  seepage  present? 

E)  Other? 

3.  OUTLET  WORKS 

A.  Intake  Structure  -  Size= 


(1)  Any  settlement? 

1 

(2)  Any  tilting? 

1 

(3)  Do  concrete  surfaces  show:                                                                                                           I 

a.  Spalling? 

b.  Cracking? 

c.  Erosion? 

d.  Exposed  reinforcement? 

(4)  Do  joints  show:                                                                                                                                   | 

a.  Displacement  or  offset? 

b.  Loss  of  joint  material? 

c.  Leakage? 

(5)  Metal  appurtenances:                                                                                                                    I 

a.  Any  corrosion  present? 

b.  Any  breakage  present? 

(6)  Trash  rack? 

a.  Condition?                                                                                                                              I 

b.  Anchor  system  secure? 

(7)  Other? 
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ITEM 

YES 

NO 

REMARKS 

3.  OUTLET  WORKS  (continued) 
B.  Conduit  -  Type  = 

Size  = 

1 
(1)  Do  concrete  surfaces  show:                                                                                                               1 

a.  Spailinq? 

b.  Cracking? 

c.  Erosion? 

d.  Exposed  reinforcement? 

1 
(2)  Do  joints  show:                                                                                                                             1 

a.  Displacement  or  offset? 

b.  Loss  of  joint  material? 

c.  Leakage? 

(3)  Is  the  conduit  metal? 

a.  Any  corrosion  present? 

b.  Protective  coatings  adequate? 

(4)  Is  the  conduit  misaligned? 

(5)  Any  calcium  deposits? 

(6)  Other? 

C.  Gates  and  Tower 


a.  Size:  Operating: 

b.  Type:  Operating: 


Emergency: 
Emergency: 


(2)  Controls  operational? 


(3)  Controls  lubricated? 


(4)  Operational  problems? 


(5)  Leakage  around  gates? 


(6)  Condition  of  gate  seals? 


(7)  Any  cavitation  damage? 
If  so,  describe? 


(8)  Describe  £ur  vent-size  and  condition. 
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YES 


NO 


REMARKS 


3.  OUTLET  WORKS  (continued) 


1   (9)  Is  there  a  jet  pump? 

a.  Is  it  operational? 

b.  Leakage? 

(1 0)  Is  the  tower  dry?          wet?                                                                                                         I 

(11)  Any  seepage  in  the  tower? 

1 

(1 2)  Condition  of  the  tower?                                                                                                                I 

(1 3)  Any  safety  problems? 

(14)  Ladder  in  good  condition? 

(1 5)  Condition  of  the  gatehouse?                                                                                                        I 

(16)  Emergency  plan  completed  for 
the  dam? 

a.  Posted  in  the  gatehouse? 

(17)  Other? 

D.  Stilling  Basin 

1 
(1)  Do  concrete  surfaces  show:                                                                                                           I 

a.  Spailing? 

b.  Cracking? 

c.  Erosion? 

d.  Exposed  reinforcement? 

(2)  Do  joints  show:                                                                                                                                   | 

a.  Displacement  or  offset? 

b.  Loss  of  joint  material? 

c.  Leakage? 

(3)  Do  energy  dissipaters  show:                                                                                                          I 

a.  Signs  of  deterioration? 

b.  Are  they  covered  with  debris? 

(4)  Other? 
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c 


ITEM 


3.  OUTLET  WORKS  (continued) 
E.  Downstream  Channel 


YES 


NO 


REMARKS 


(1)  Is  the  channel:                                                                                                                                   1 

a.  Eroding  or  backcuttinq? 

b.  Sloughing? 

c.  Obstructed? 

(2)  Is  released  water:                                                                                                                        1 

a.  Undercutting  the  outlet? 

b.  Eroding  the  embankment? 

(3)  Other? 

1 

4.  SPILLWAY 

A.  Description 


(1)  Location? 


(2)  Type  of  Spillway? 


(3)  Size  of  Spillway? 


(4)  Spillway  lining? 


(5)  Is  there  a  weir? 


(6)  Is  the  spillway  in  good  condition? 


(7)  Any  drains? 


a.  Describe  the  condition  of  drains. 


B.  Does  spillway  show: 

(1)  Any  cracking  concrete? 

(2)  Any  spailing  concrete? 

(3)  Any  exposed  reinforcement  in 
the  concrete? 

(4)  Any  erosion? 

D7 


2004 


ITEM 


YES 


NO 


REMARKS 


4.  SPILLWAY  (continued) 


4.  B.  Does  spillway  show:  (continued) 

(5)  Any  slope  sloughing? 

(6)  Any  obstructions? 

(7)  Displacement  or  offset  joints? 

(8)  Loss  of  joint  material? 

(9)  Leakage  at  the  joints? 

(10)  Other? 

C.  Do  the  energy  dissipaters  show: 

(1)  Signs  of  deterioration? 

(2)  Any  cracking? 

(3)  Any  spelling? 

(4)  Any  exposed  reinforcement? 

(5)  Are  they  covered  with  debris? 

(6)  Other? 

D.  Has  release  water: 


(1)  Eroded  the  embankment? 

(2)  Undercut  the  outlet? 

(3)  Eroded  the  downstream 
channel? 

(4)  Other? 

_E^_Emerc[enc^_Sgillway 


(1)  Is  there  an  emergency  spillway? 


(If  YES,  describe) 
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ITEM 

YES 

NO 

REMARKS 

5.  RESERVOIR  COhTTROL 


6.  INSTRUMENTATION 


A)  List  type(s)  of  instrumentation: 


A)  Recent  upstream  development? 

B)  Recent  downstream 
development? 

C)  Slides  in  reservoir  area? 

D)  Chanqe  in  reservoir  operation? 

E)  Larqe  impoundment  upstream? 

F)  Any  debris  in  the  reservoir? 

G)  Other? 

B)  In  good  condition? 


C)  Read  periodically? 


D)  Is  data  available? 


E)  Include  ail  data  gathered  since  last  report. 


7.  DOWNSTREAM  CONDITION 

A.  Downstream  Land  Use. 


This  dam  was  inspected  by: 


Additional  comments  and  recommendations. 
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APPENDIX  E 
O&M  MANUAL  DISTRIBUTION  LIST 


El  2004 


O&M  MANUAL  DISTRIBUTION  LIST 
TONGUE  RIVER  DAM 


Number 
Of  Copies 
6 


1 .  State  Water  Projects  Bureau 

Kevin  Smith 
Rob  Kingery 
Dirk  Roberts  (2) 
Bob  Arrington 
Delores  Eustlce 

2.  DNRC  Information  Services  Section 

3.  DNRC  Billings  Regional  Office 

Keith  Kerbel 
Dave  Adair 

4.  Dam  Safety 

5.  Primary  and  Auxiliary  Gatehouses 

6.  Water  Users 

Art  Hayes  —  President 
Les  Hirsch  —  Vice  President 
Pat  Helm  --  Secretary /Treasurer 
Mark  Van  Haele  —  Dam  Operator 


8.   Miscellaneous  2 

Ms.  Margarie  Eagleman,  Superintendent,  BIA,  Lame  Deer 
Ms.  Geri  Small,  Tribal  Council  President,  Lame  Deer 


7.  State  Library  -  Attn:  Roberta  Gebhart 

8.  Extras 
TOTAL 


4 
2 

24 
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APPENDIX  F 
MONITORING  WELL  LOGS 


I 


Fl  2004 


TABLE  8.  TONGUE  RIVER  DAM  MONITORING  WELLS 


New 

Old 

Year 

Type 

Total 

Standpjpe  Wells 

Vibrating  Wires            | 

Name 

Name 

Drilled 

Depth 

Depth 

TOP  Elev 

Depth 

Reference  Elev 

(sp) 

■  (vw) 

(ft) 

(ft) 

(ft) 

(ft) 

(ft) 

1A 

DH-1Z  (A) 

1967 

sp 

151.4 

90 

3430.70 

1B 

DH-IZ(B) 

1967 

sp 

151.4 

43.2 

3430.70 

2 

DH-2 

1967 

sp 

144.3 

71.5 

3441.80 

101 

101 

1982 

sp 

180.6 

84.6 

3484.70 

102 

102 

1982 

sp 

94.3 

70 

3433.00 

120A 

DH-120Z(A) 

1984 

sp 

273 

226 

3470.00 

120B 

DH-120Z(B) 

1984 

sp 

273 

114 

3470.00 

209A 

DH-9(A) 

1995 

sp 

vw 

100 

100 

3443.10 

98.1 

3443.10 

209B 

DH-9(B) 

1995 

sp 

vw 

70 

70 

3443.20 

48.9 

3443.20 

214 

DH-14 

1995 

sp 

47 

47 

3384.00 

250 

MW-A3 

1995/96 

sp 

? 

? 

3363.00 

251 

DW 

1995/96 

sp 

? 

? 

3362.30 

310 

H-10 

1998 

sp 

vw 

78.5 

77.5 

3450.90 

80.3 

3450.90 

401 

P-WD2 

1999 

sp 

vw 

18.8 

18.0 

3444.10 

19.01 

3444.10 

402 

P-WD1 

1999 

vw 

18.8 

19.55 

3422.97 

403 

P-SA2 

1999 

vw 

30.5 

28.98 

3417.09 

404 

P-SA1 

1999 

vw 

29.3 

28.5 

3416.82 

405 

P-US2 

1999 

vw 

61.9 

59.9 

3438.49 

406A 

P-USI(A) 

1999 

vw 

68.5 

66.5 

3436.08 

406B 

P-USI(B) 

1999 

vw 

68.5 

36 

3436.08 

407 

AH-3 

1999 

sp 

vw 

75.5 

71.0 

3443.30 

74.3 

3443.30 

408 

AH-5 

1999 

sp 

vw 

81 

80.0 

3440.80 

78 

3440.80 

409 

P-CL1 

1999 

sp 

vw 

75 

72.6 

3442.40 

72.38 

3442.40 

41 OA 

P-CC1{A) 

1999 

sp 

70.6 

70.1 

3427.81 

41  OB 

P-CCI(B) 

1999 

sp 

70.6 

28.4 

3427.81 

411 A 

P-CC2(A) 

1999 

sp 

84.1 

68.9 

3428.12 

411B 

P-CC2{B) 

1999 

sp 

84.1 

83.9 

3428.12 

41 2A 

P-CR2(A) 

1999 

sp 

vw 

132 

85.0 

3443.20 

84.5 

3443.20 

41 2B 

P-CR2(B) 

1999 

sp 

vw 

132 

130.0 

3443.20 

130 

3443.20 

41 2C 

P-CR2(C) 

1999 

sp 

vw 

98.7 

98.2 

3443.00 

99.3 

3443.00 

413 

P-CR1 

1999 

sp 

vw 

49.2 

46.0 

3444.70 

45.7 

3444.70 

414 

P-DR2 

1999 

sp 

44.5 

43.1 

3365.32 

415 

P-DR1 

1999 

_sp^ 

20.5 

18.4 

3365.88 

Standpjpe  Well  Depth 
Vibrating  Wire  Depth 


=  depth  below  top  of  pipe  (TOP)  elevation 
depth  below  reference  elevation 


Number  of  drill  holes  =  25 

Number  of  monitoring  wells  =  33 

Number  of  monitoring  wells  (standpipes  only)  16 

Number  of  monitoring  wells  (vibrating  wire  piezometers  only)  6 

Number  of  monitoring  wells  (vibrating  wire  and  standpipe) 11_ 

33 
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COORO. 


N.  23712 
E.   87960 


BECHTEL    CORPORATION 

GEOLOG I C    LOG    OF    DRILL     HOLE 
PtOJECT— fiS21_I2£lSU£-m£a AHQLE  FROM  HOWtZ.  v"tical 

UP3TRCAM  Edge   of  Dam   Crejt;    Exhtinc  Dam  JESUW     7-10-67 


3IICCT. 


1 


sr. 


HOLE  >0. 
BEARINQ. 


LOCATIM 
OVEKBURDEK  ^33,5- 

ELEV. WATER  TAILE 


17.9' 


PI 


1 


CORE  RECOVERY  (f  I. 
SROUND  ELEY.      ?^ 


^    DEPTM  DRILLED  INTO  ROCIL. 

3352'  HO.  CORE  BOXES. 

75 rrrr      11.2      MODEL  I  MAKE  OF  DRILL 

MOLE  LO«flCD  lY     TH.EL  A  BOCK 


COMPLETED  jsliU 

TOTAL  DEPTM  OF  HOLE  isi.a. 

NO.  SAMPLES  TAKEl 


.2L 


DR  I  LLER       Mr.     rr..T..»r 


NOTES 
ON  WATER  TABLE 
LEYELS.  WATER  RE- 
TURN, CHARACTER  OF 
DRILLINa.  ETC. 


PRESSURE  TESTS 


S^ 


CUSSIFICATION  AND 
PNYSICAL  CONDITION 


an:a. 

UN_L 


LOST  ALL  CIRCULATION 
AND  FLU  10;  SET  5" 
CASINO  TO  20  FEET. 


3437 


3432 


3427 


3422 


3417 


3412 


3407 


10" 


15- 


20— 


o 
O    e 

o 
o  o 

o 

O    o 

o 

0    o 

o 

0    o 

0 

0  e> 

0 
O   O 

a 

0  0 

I 

0     0 


25' 


30- 


35 


i 


s! 


Upstream  Shell;   Baked  sandstone 
and  shale,   clinker  and  scoria, 
extremely  permeablc. 


Sandy  CLAY;     gray,  moist,  firm 

AND   STIFF.        Low    TO   MEDIUM 
PLASTICITY.        (CL) 


Hole   Size 


.5/8" 


MU  10.. 


F3 


«iT«      Dam  Crest 
Exist  dam 


««n — 2_  ^^ 


PKOJECT. 


6694     TONGUE  RIVER 


NU  It.. 


NOTES 
ON  WATER  TABLE 
LEVELS.  WATEI  IE- 
TURN.  CHARACTER  OF 
PR  ILL I HO,  ETC.. 


PRESSURE  TESTS 


Urn. 


s^sn. 


J3S. 


d 


CUSSIFICATIM  AM 
PHYSICAL  COWITIOi 


Bottom  of  Piez^      \7 : 

HCTCR   2 

Sand  BACKriLL  45* 

to  35.81 

Grout  35.8"-34.0-« 


Hole  Size       4-5/8" 


Tzr 


3402 


m 


3357 


3392 


3387 


3382 


33r77 


3372 


3367 


J 

•y/- 


75 


I 


Some  gravel   in  sample 


Scattered  roots 


NU  N. 


F4 


llTf     Dam  Crist 
Exist.  0am 


PtOJECT. 


6694     TONGUE   RIVER 


Nons 

ON  WATEI  TABLE 
LEVELS,  WATEI  «E- 
rUM,  CNARACTER  OF 
DRILLINS,  ETC., 


PKgSSUKE  TESTS 


Hf : 


3367       75 


CUSSIFICATIOff  AMD 
PNTIICAL  MIOITIOli 


Bottom  or  Picz»-  ^      I, 


METER  1.  Sano  Backfill: 
851-151. 4-).   Imper- 
vious BACKFILL  TO     ^ 
58.31.   Groot  to  57.3'  | 
Partial  loss  or  orillin« 

FLU  I  0  ' 


Hole  Size  4-5/8" 


*J    Some  gravel    in  sample 


3362 


3357 


3352 


3347 


3342 


3337 


3332 


3327 


90— 


95— 


1  OS- 


IK 


115 


Some  gravel   in  sample 


Gravelly  Silty  SAND;     dark  gray, 

VERY    DENSE,    WET    (SP-SM) 


T 
>  < 


O 


Coal  fragments 


SiLTY  SANO;     dark  gray  to  black, 

FINE    GRAINED   WITH    THIN    LAYERS    OF 
STREAM    DEPOSITCO    COAL    OCBRIS.     (SMJ 


F5 


tiT*  D***  Crest 


Exist.  0am 


s«rr. 


MQJPCT       6694     TONGUE  RIVER 


NU  M. 1 


NOTES 
ON  WATEI  TABLE 
LEVELS.  WATEN  «E- 
TUIN,  CHARACTER  OF 
DRILLIN6,  ETC.. 


CORC    LCNGTHS:    1. 7-3.0'      . 


75 


PRESSURE  TESTS 


25.6 


65 


a 


Hole  Size    »-5/8" 


3327 


3322 


3317 


3312 


3307 


3302 


3297 


3292 


3290.6 


115 


120— 


125— 


150— 


CUSSIFICATION  AND 
PNYSICAL  eONOITIOH 


'■==  S  I LTSTONE !    LIGHT    GRAY,    TRACE    OF 


2)      WET,    DENSE 


Clayey  Sandy  GRAVEL;     dark  gray, 

VERY    dense,    moist    ( GC] 


VERY    FINE    SAND,    VERY    FIRM,    GRADES 
SANDIER 


SANDSTONE ;      LIGHT  gray,   FINE 

GRAINED,    HODERATCLY    CEMENTED, 
LIGHT    GRAY,    CARBONACEOUS 
LAMINATIONS 


T.D.     151.4.' 


F6 


NU  N. L 

f  I  T1_^AMCRE3T 


GED-TESTING,    INC. 
EARTH  hWTERIALS  LABORATORY 


Sheet of . 


VISUAL  CLASSIFICATION 


Project:  7#w4«^  /^tumt  -  ^stjtnri,  <ro€iX±*/-*- 


Date: 


Hole  No. 


Staple 

No. 


Depth 


Classification 


To^  *•  «•  ir»<«f  -    mmmutJU,  ^mt*r,  Xr-*^^,  ^A^mrt«.  C*.^yCC*.) 


/ 


/7.0' 


-3- 


ZS.S' 

\ 


zr.y 


-/ 


JJ.O' 


W-TT --^ .-         --^T—^ ^ 

Be»iu*i,  Jr//*>^  ^mfSf,   ^AA*rtc    Cj.4yC^*-) 


B/?ot*J*^j*^r'^^^^^^**  ''t  ^^  A»r-tc  C*.Ay  Ce. *.} 


aitmuf^iSri^^  f^»t*r^  n.A*rtC  S^^A/ty  Ca^AyC*-^)  y^trr* 


Cm^^^Ji^^^JM^i,    r-f-^*/-    -**Vl 


^ 


m9»ZL~irS^  '^''f*^,   >^.#*»-/«.  ^AM^y  C^^y^e*.) 


8 


•rr^' 


aRm*y*/j   Xr't^^,  Afm*J^  A'j.A»-r^»C     C^AyC^*.) 


10 


<rJ3 


^^^a^M 


.z^ 


M. 


A^.^-'- 

^yj' 


a*.«^,  te.^'n,  M.,x^,  ^*^*.-/*  2A*'^yCs.MyCci.) 


fZ. 


70-S'- 


arm^4,^K  ^"^j  J"""^  ^*'*C  A^f-'e  SA4,»yClAy^*^} 


W>r-*^  JL^ntma  O^  ^***m  SA**h 


tS 


7f.S' 


r£. 


J£- 


A^aV,   /0^>t.  /*/-/*»-/  ^''/'J'-'t  j/iwa/ J'*r/^*^/^C*.) 


F7 


P1>f*  "^"^ 


{\ 
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LOORO.      N.   23r759 
E.   87977 


BECHTEL    CORPORATION  airrr     1        or- 

GEOLOGIC    LOG    OF    DRILL     HOLE  mle  ■o._l 

PffOJECT     ^^'^    "^"^^-"'^  "'^''" AfSLE  FROM  HOWIZ.    vrnTirii BEARINQ. 


[^Qf^TI^***     Downstream   Edge   or  0am  Crest;    Existins  Dam  ggQUN    19  July  67  COMPLETED  24  .im  y  ( 

OVEIBUROEIU_m*±_      DEPTH  DRILLED   IMTO  »»"  ^Q-9'  TOTAL  DEPTH  OF  HOLE    144. at 

ELEY. WATER  TAILF   p3-dry  at  70.6 ■       no.   CORE  ■0«F«  i HO.  SAMPLES  TAKEH- 

CORE  RECOVERY  (f  I 


Sl. 


8R0UM0  ELEY.   3^' 


_  rrrr     7.5.       MODEL  I  MAKE  OF  mill     r^s?  Mn—r  n,... 
HOLE  LOOSED  by        Thiel  &  bock DRILLER    mel  couture 


J^ 


HOTES 
OH  WATER  TABLE 
LEYELS,  WATER  RE- 
TURH,  CHARACTER  OF 
DRILLIHe.  ETC. 


it 


PRESSURE  TESTS 


i- 

••  m 

IE- 


Hm 


3442 


CUSSIFICATIOH  AHD 
PHYSICAL  COHDITIOH 


PLC      1 

!* L 


3437 


3432 


3427 


3422 


3417 


3412 


3407 


10  — 


30 


35 


CSi 


rO 


Sandy  Gravelly  CLAY;     tirm,   dry, 

RCODISH    BROWN    (CLJ 


Sandy  CLAY;      gray,  medium  sTirr 
(CL) 


Clayey  Sakdy   GRAVEL;      reddish 

BROWN,    MOIST,    VERY    DENSE     (04>GC] 


Gravelly  Silty  SAND;     moist,  ocnsc' 
(SM) 


Hole   Size       4-5/8" 


ROLC  10. 


F9 


iiT>  Dam   Crest 

LXIST.     UAM 


PtOJECT  0^^     TONGUE  RIVER 


'■yrr  2    I, 4_ 


NOTES 
ON  WATER  TABLE 
LEVELS.  WATER  RE- 
TURN, CHARACTER  OF 
PR  ILL I NO,  ETC., 


PRESSURE  TESTS 


!r: 


3407       35 


CUSSIFICATION  AID 
FNTSICAL  eOlOITION 


Bottom  or  Piezo>  — * 

MCTCR    3 

Sand  backfill  to  39.0      . 
Grout  to  36. ♦• 


Hole   Size 


•  5/8" 


3402 


3397       43^      f    — 


3392 


3387 


3382 


3377 


3372 


3367 


so- 


Sandy  SiLTY  GRAVE  I,;      reddish  brown 
hoist,  vcry  ocnsc  (gm) 


<  I 


Sandy  CLAY;      brown,   hoist,   very 

STirr    TO    HARD. 


FIO 


tiTt     P*>*  Crest 


Exist.  Oah 


PtOJ gCT  6Q^  TONGUE  RIVER 


llttT 3._  „ 

■  NU  H : 


NOTES 
OR  WATER  TABLE 
LEVELS,  WATER  IE- 
TURN,  CHARACTER  «F 
DRILLING,  ETC.. 


PRESSURE  TESTS 


y: 


3367    75 


CLASSIFICATION  AND 
fNTSICAL  eOROITIOi 


Losing  some  water 
AT  92 « 


Hole  Size      ^Va" 


3362 


3357 


3352 


3347 


3342 


3337 


3332 


3327 


90- 


100— 


io»- 


IK 


115  • 


Clayey  SAND;      brown,  moist^  hard 
SC 


Original  Ground:     Sandy  Silty 
GRAVEL.   BROWN,  moist,  very  dense, 
gravels  are  angular  and  broken 
(GP-GM) 


Sandy  S ILT;   brown,  moist,   dense, 
with  small  pieces  or  coal 
(ML) 


Silty  SANO;     gray,  moist,  very 
dense,  gravel  to  1/2" 
(sp-sm) 


Fll 


tITC. 


MU  N. 

Dam  Crest 

Exist.  0am 


MflJFCT          669*     TONOi 

»■»»▼  *  ..  f«   * 

Z  RIVER 

NU  II.            <: 

NOTES 
ON  WATER  TABLE 
LEVELS.  WATER  RE- 
TURN, CHARACTER  OF 
DRILLINS,  ETC.. 

m  iM 

8S 

w 

PRESSURE  TESTS   | 

3327 

lis 

■ 

3 

m 

~  X 
m     • 
M   ^ 

2. 

Ml 

3   — 
m     • 

M    •• 

CUSSIFIUTION  AID 
^_,     PNYSICAL  eOlOITIM 

^ 

^ 

Set  NX  CASING  to           " 
133.9' 

3322 

3317 
3312 
3307 
3302 

• 

*  1 

*  1 1 

*  1 

120-5 ;  i : 

125- 

\    (' 

*   1 

',   » 
■     1 
130-^ 

• ,  * 

133-:^ 

'   ':'.' 
'  •■.'.' 

1 

""" 
__ 

£  — 
".•  d 

•r  «n 

':  S 

-;.  w 

•i 

Gravelly  silty  SAND:  mottled, 

DAMP,    VERY    dense,    GRAVEL    TO    3/4" 

CORE    LENOTHS:    0.1-0.4-"      • 

63 

SILTSTONE:   gray:  laminated  to 
massive;  firm 

SANDSTONE:   LIGHT  GRAY:  rifJc 
grained;  silty;  moocratcly 
cemented;   carbonaceous  laminations 

* 

3297.7 

« 

T.D.    144..3I 

i"l 


Hole  Size  4.5/8" 


F12 


MU  N. 

tiTT  Dam  Crest 
Exist.  Dam 


CW-TESTiMG,   inc. 
EAKTM  MITERIALS  LMOBATOAV 


Shwt 


of. 


i^upw"^ 

♦jw 

Otpth 

ClasslflutlM 

'  z  '■■.' 

/ 

/«.••- 
//./• 

Ta^  -  Seo*^,  •3r,^/f,  Af0tmr,  ^^s^rre.  ,  3^«f  a/  CiL<^re<.J  •  . 

V   ^:^;' 

J'2.4rcy^ri    ^z"     '             '     ' 

„ 

< 

■ 

■  ■ ' 

' 

"*      '  • 

• 

;■•'  ■•      -■  ' 

• 

' 

v> 

■             .Sf 

,         ... 

■  >    •■ . 

- 

:  *  *    - 

•    • 

•j 

-•-■ 

'■'•  '.-•    •  ■  • 

•• 

J 

:_ ,.  ■ 

■ 

' 

■» 

\'-'.                                                                         '           ■!...■: 

'■ly 


F13 


PlAtm  34 


^ 


Ml 


c 

F14  2004 


RC  HARLAN  AND  ASSOCIATES 


SST. 


DRILL  LOe 


TONGUE  niVEn  — EX(ST/N«    DAM 


LEFT  ABUTMENT 


N.  2S,e83  E.  eSjOC^ 


NORTHCFTM    TBSTfNd     L  A»OffAT0f»  I  es 


MOBfLE      B*50 


Z^^*? 


r/3- 


348^.7 


iHin 

;5 


NDUa. 


t>H-IOIrt 


^emicAL 


TOonoaoem/a. 
4.S/   3<AO.^^ 


/  80.675304-./  ' 


CHXtTLES   X.  TRAHTH^^M 


MATBIU    CAUanCATM 
nTacMBCsann 


Hffcncrr-cuMT  hkisah 
'tolly  mn  hii"  *W«e"ff 

f.5-<7'  U.I*  «J.M*«*I 
utmft    3'oB  ,Mo^;C;iiJ  C^.V 

4.7'««vV  Nt  earfnt. 

»-«»M«i.  NX  «^(iV«  f«  /S' 

W«Te«     TtJT  Me.  I 
i*7-  Iti^FAtt/ue-  UtAO 

rrm-UmiK  #ij»-sV. 

.»«  ••  ••»' 

A  o  •«  ar' 

•  •     ••  0.1' 

•  o    ■•  1.2' 

•  •   •  i.f 

VATCK     T«tT  Hex 

«         2U^^   •!•    - 
•  »  Ml/tX  -f.-lki  Uf«  4« 

9<.:«f  e  fl.-M  ..^^/«^^ 


^^S-  teo.t,'  PALCOCEMC  FORT   UM/OK    —I 
*  FO««4T»ON^  TOM*</B    RIVSR    nVMBCR-. 

*.5-'5*l  'siLTSTOWe -SAMtoSTOMfi  I 

Re/.Wr**^'  '  

S.S-I».5'   SltTJTOM*-  ^^  bMw^finMri*- 


NC/-  wmW. 


X4.C-  Zt.7'5  f<.raT«*/e  -  f  •M«i>  f  rW  Immi^ 


SAH  PLC 


ABSRCV.- 


MOTCi  MMtKA««*< 
IN  e^FNIC  to*  COUtMM 
INOICATC    N*  MATraiAC 


J/.+-X/.6'  «.«>  e/*y  r  X--//..^^,  »« 


■««.pjHDIE 


F15 


RC  HARLAN  AND  ASSOCIATES 


«BT & »        S  \ 


nm-    Xtg      !»»%,  -tiih'ti] 
«...  «.««■  r  t»»*  U.^^^^ 


NaTc  :  Ruu   AeSffM 
D  —  DimiMea    »«iujrb 

J*  -  r*  c*<r«  WacMMtne 
LF-  iA*M  rciea  •»e«f«c 

VATCm    Tr«T  N0.3 

V4TCft   TESTN0.4. 
NOTc:  caiur  us»s 

ATTffl««Ta»  TO  W«ff«MC 


IZZ 


C-4.1' 


Ui 


Cfc-«<S 

LA*** 


jud 


IS 

'••.ri 


et 


■xui 


Ktmil 


jtau 


SOJ 


1^ 


:< 


Hi 


4>.5->80.6'      PALCOCffM^    POfTT     Un/ON i 

FORMAT/ An,    TOM  cuff  nfvcn  ntnasn-l 

4.S-5l'SltT»TOMff-SAMblTa«4« 

f  M-rnvarDBev- 
ao-Sl''  siLrrsronK-  . 

+7-4T.5' Jl«<«i-»f«*«f/^  »>«r/x«^.  ^ 
ktaek  «H«M«aMer«,  fif«^,  A  ««w  ._ 
Or-Ttht     ^  AVJ  .  A.Z'  N*.<  (e'car-«4 I 


5N 


-il 


_  s 


It 


II 


^  -S"  c 


^     14..^  J      T, 


■Jt, 


X&t-Sr^  «  6o»-<e, 


*  t-  6,3  '  Fr^efu^tt   J.Sm  S,  tS,  Jo  ,  fc.*«^ 


'»ff-IOIS 


F16 


RCHARLAN  AND  ASSOCIATES 


WHT 3  CF 5. 


DRILL  LOG 


T0W6UE  niwEn-£X!STin&  b/\n 


167, «? 


DU-IOfZ. 


WATCH 

"It- 


WATSR     T»tT   NaS 

fu.  •wi4«f k^f•>--~•r■ 


IkJ^Vt- 


of  Ufe- 


nW- 


>>««>r««J  f*  as: .  bV^i 


JL3^ 


,ijL£ 


♦loft.*  n/v**  iH'-*! 


'«t«i;t 


•  :••  ••  V»tm- 


ei.r'   8«^.i,   Runfl 


WATgB     BgTL>ftM 


•??-'••'•  Jr-/. 


far      -  102.        «<        Chck 
I  k  1.   -  I  e  fi     •       i^x 


-  V* 
e*«.l/ai 
•  -  15 


I5k 
iStJ 


El-* 


20_ 


et-o 


•1 


HMJU 
ft-S*' 

CL-O 


ISi 


iiii: 


u_aji 


ei,.  e 


3^pn.a 


JLilLl 


^•^•^0-T 


3  .T  7  T.  1 


3  3  7^7 


aafftT 


«a_: 


:5i 


:=? 


7Q_: 


.^Sto: 


/OS-: 


/OS.tf' 


//< 


f  i5  - 


Eu: 


\i 


MATBUL   CALSanUTBH 
ncnuLtaarrm 


I". 5  -/so. 6'     P^LFOCEMC    FO^T    t/NlON    . 
31- 84.1-'  Ct/NKCR     (frAKCb     Sii.r57«MC= 


8*.4-g6.0  ,SI.£.T$TOMC-Gr«y,  uiii^M flfnl 


..^  __  jf  «*•-*    j»«r«W  {-ICUkBi^ 


/oi-roi  ri.v  c««i 


'r»»«*  • 


l0*-«-/«1.o'C0AL-    BUeJc,  •/••^•••^•►fJI; 


F17 


RCHARLAN  AND  ASSOCIATES 


DRILL  LOG 


Ton&uE  iTivE«  —  Extsrma  dam 


J62^ 


DH-/0(i 


[U<4-.5-   190,6'    PAUEOCCNfi     FOI^T     Jl^lON     . 


WATBW   Te5T  wa< 

1«lr«    A  «ri«i  •  Coral 


Zera 


«  r*" 


^W*««.   «i4o<lA  r«i-fM«. 


RONM 
C'ims 


_2JUJLX 


I  ii.o: 


NOT£:    ALL  WATCR 
T*«T    F0«    «MfN. 

AT  e-A€M  rweasofffi 


130.6'    eKi   «k:-Ff 

4/T/aX.   SJ*T«^  te»«l*13 


NOTS:    r    A^r«« 

Het.r    NOMBCirC0M-/ai^ 

WATV/T  Te»T   NO.  7 
H7.^_  |4,o.c' PAcrvir- 

e    •>         %  xo  " 
H.7>k««»  Vr««*i     '^ 


WATe«    Tf STNO.  8 

o  '»  «  ♦•^T 
o  •  «  Cft  •• 
O     "        %    IjO    » 

Kotg:   DRitt        _^ 

VAS.T- «»VAM<*   i*»L« 

u/i>t"  *■*««.»  nv, 

AC«*I«    TO    BOTTaf^  tfP 
•f  L,  A»V4»/C«     AU*** 

Tft  lArr Off  ap  al^RC' 


odlo 
aoi-o 


1« 


ao 


zo 


R«NU 


llojc 


^J'?^-* 


jLUii 


\3: 


i+o 


L4j|^ 


RUMtT 


lau 


10 


S^^'Lr 


i^£X 


IBI 


'5aJ 


,^2il2 


dSSJi 


m* 


I  oTo- f  lS.o'^»i.T$ToNe- 
CeMTACT     d^ADATlOMAL. 
IIS.OTIS/.I      SAMOSTOMC— ^fH«-  ^nv^ 


3- /St        S/<'«f.f/y     9riVkf«.  ' 


131.1  - 


roNf—  GiNi. 


-T^'iPH'A'ei 


MCI- n*M«.  f«  »JL*4.    fc«f  t-4*'«3s«,wi(A^ 
f  3?.7-'5S.S' C,f  f  c»rU««««*«;*       : 


145.5  T 


X 


5.S-/a,0>6'   SAWDSTONE-    Fiv*-    ; 


l4-$.5«/&  * 


"*OII-/0/K 


F18 


RC  HARLAN  AND  ASSOCIATES 


DRILL  LOG 


T6M6yC   JT/VEP  —  f  XIST/NS    DAM 


/6'?.q 


I>H-/0/E 


viiaiima 


wan* 


UKWUl   CAUOTCATM 
MTaCM.) 


I  4-5.5 -/80.&'  SAMbSTONC- 


WATfW    re  ST  NO.«J 
I57.H- 180.4'  P/^CK«/T- 

o    ••     «♦»  -    ^ 

»g»^ee.     «*.««  is 


KONU 


iiaX 


tBo.6    Chj  ti.:^f 


f.7Z.o,  3«^y*  U/<,--/ 


tUNM 

ci..a 


fc; 


ito. 


ni 


32e;4J. 


rs 


"^i 


^ 


/6  5- ;7».s' He/- <-«<,(,  ^K,»^.  - 


UU' 


-If 


IS 


T7.J 


jg:^ 


WOliMb 
«OTT«M 


Ptar  leriw 


ccmimV 


mst" 


'UMroMirr 


'SAND, 

-TIF  OF 

•  CNTWNm 


V<«IIMI»,WCIk6«« 


pinbiir 

MLLvVs 


—  —  CeweuT/ 


•OTTOH 
NOT     TO     SCAUC 


MUlTS 


•■CUT  CSou) 


To>*iTe 


^m9vt(sa:fi 


BOTTOrt     OP     HOLff 

DBPTH  —  ;eo.«' 


Mere:    d»(ll    t/ecff    lae/kneu  teLt¥ATiatt _ 
fAon    MwcH  «  too  Fway   riAP  fvnnisHab  in 


^OH-feil 


F19 


r 


c 


F20 


2004 


RC  HARLAN  AND  ASSOCIATES 


J •_3. 


DRILL  LOG 


TONGUE  RIVEn  -EXI5T/WG    0AM 


miiiausm 

LEFT  ABUTMENT. 


t//i  /a  2 


1/l4/«2 


/6q.9 


DH-/022 


VFRT/CA  L 


M.  25,  +  /6  £.  85,460 


CMUaWAIBOinil/K. 


3  433  A. 


TVOFMOKSeTN/B. 


340fl.' 


NORTWEBW   T«TfNS    LABdnATORIPS 


nKiK.LB«n/% 


n 


Ewm 

7 


■enw  »  mu  Bcm  /  B. 
q4.3V333q./^ 


MOBILE       B-SO 


CHARLES    I.    TRANTHAM 


WATBUWJ 

vtmitm 
ifua 


KAIBIAL   CALSSnCATBM 
MTSOtlOUUVIW 


UML^tK  -  eLtKT   MaUON 


MOD 
3'aD 


Co'  Ehd  sk;^f  •4>-ac 


sruT 
■I*- 


l«> 


'/t 


I6> 


MAO 
CAUF 

a'oa 


SfUT 


% 


-Mi 


/a  I  «  k«. 


sruT 


WftTBR    TrST  M0.3 

J4.0'    «P«M    »WO    T«ST- 

T«li*  »l«»MC>r-f  «i«  f« 

9/4'  •<  0.*'»fitefcup  ■* 

wATKR  Tear  no.  4 

r^^-i^l'  orri*  two  rcrr- 

•vr^&c..  (Mk««  « -*«  i^M^ 
WATCR    TIST  N«.X 

tiiO'    orcN  «ND  mr- 

%r>Mi>A  tjl$M  ,  '' 

WATCR    Tffrr  N&< 
*>•'    bPCM     CxO   TIST- 

T«.b«,   sa.o  V*t  ^'  >««<'« 

■•rfh*<    %«   MC   U4«V«  • 

2  7.e'EiU  cliff  •4:io 
,-  .  vn^nfk«srtiil.;(f  « 


STO 

roD, 


Vy^Ttn     TCST  NO.  / 

tfV     OPVM   fiMO     TC5T- 
IVk*    a.  |«Mn   ^rStai'ii.  f 

_  WATcn  Terr  mo.z 

f.O-  ((.O'-H/MNTUrM  IfAt 


f« 


08" 


M,%g 


ITP 

FCM 


■  •C. 


4TB 


«PtlT 


paw 


tPLIT 


SMfUT 


%fS 


szss 


33 


'^v 


■^r 


'^,- 


«> 


%*• 


'^Ts- 


'% 


fib 


% 


'8> 


S 


%■ 


^ 


gv«- 


l-(.t' 
X-fZ 


^♦o*^ 


-«« 


20 — 


1^ 


sc 


O- t4.5'  QUATCWNARY     ALLUVIUm 
o- 


LS   SffOWN    SAMDV    SfLT—    L«oxv,  rf>.y: 


.-3* 


fcAjW^. 


6.ft-  I  3. 


IT3 
IC 

I 


|o'  2MCra*#c    I'kt  ^auaAMCxx  im  r»ttJ. — - 

M«d.  ««»xe.  •Moi'^r;  «ir>rt)c  «aX  Vm*- 
«*Kd^     v»3.'*i/f,-»    dyii+.-T'Uk.      - 

I  s.s- Z4.  s' BirowN   ct.Ar»r  camo--      I 

20.0*   CMCr«4««      •'•»      %   ^r«»«f».f«.     ■, 

r^^U^m.1  ,'m   sf^VS,kJ  uJ/  s:H-  i- 

♦•"fc*     UY^rs   io     3**.  ' 


2.4.5--  14.5' PAL  CO  CfiNE    FOfTT   UNfOM-I 

FonnATror^  roNcuE  Riven  mcmrer-- 

24.f-4J.5'  SfLTSTONE  -Br«(irfM, 


""»0tf-»21. 


F21 


RCHAFILAN  AND  ASSOCIATES 


DST. 


DRILL  LOG 


TOfSfiUC  fflv/CR  -  EXISTJNS    DAM 


TMh. 


ZSCL 


U 


iro«€i  <■£  U*«^  NX-- 
5M«;.s  C*rt  V«rrt  r«-/ 
Sflff  "Wrrc/  iMn«»Twl<* 

Run  3    k«5i'»«  g»i"»^ 
le'ftar*.   i«rr«/. 

33.B'  Sotfo 
/Toi.  /.J  ' 

NOTS:  SAMFLff 
f-  SMVLSr 
L-    Bit  ASS    l.fNrff-4" 


7. 1     -      «    i  " 

NOrC:  TYHCAL 
MVISURDBN     DKI(.l. 
STQUVNCfl    IS    r*   4»|/AMU 
CACM*  TO    fTTon  OP 

MLLcir  wrr.  ur0ir«(iuoMU| 
MfH  (MaLBf  Tea'  en    r"^ 
omva  TN*  «pi<T-siiW«*4, 
r4f4R.cA   utiffQ  A  r4A 
pacwo    SA'arK  MAMmgn 
pifrrma    to"  ar  a  i*^ 
M*p*    wrm  3  u^4PS 

•  •«    «M     S"^     eATHVA*. 

ntf  >■••,&«!*•»  f<^A 

<¥  S«9<<«MC*    wrrnoar 

ikvv«MiaM*  eA«/M«. 

NOTE  :    nUM   ABttnKj 
b— DKTAMca   »intxe» 
C-COK«    RC«««r»«» 
CL-  c«nc     LO«S 
%-  «■  *«c*v«Reb        , 


m 


WATffn    TB-*T  Me.8 

fI.*-7«.»'   PACKBH*. 
r^ll  «    e   ^»*>  9  X«  pr» 


Note:  dark  arcas 

IM  SRAMie    {««  COUMM 

Ricovffnr. 


RUM  X 

•  •fV 
HI 


»3« 


•  T.  r 


13 


RUM' 

LP-U 


07B.M.1 


JLl 


£iX 


RM  ft 
C-1.T 

U-e 

LAL4' 


^^fll.1 


^■7  78.1- 


43.3- 


«_: 


5o_: 


55_: 


CSS 


7<M 
7 /.a" 


_ii^-^ 


3  3SB.«.J     IS  "T^ 


tj£ 


< 


■t 


:Ai 


x4.5-  l+.S'  PALeocHNtf   Mat   Ui 


Sixx 


/^T.*? 


OU'tOZi 


MATBUl    CALSBCATDN 


777373" 


l4-.5-*».5'  SILTSToNff- 


43.S-<3;/)'SfLTSTONE-<5>«y, 
UHueq  T  killed,  two  <J.    Ao»-rf,    »r«<»- 

i<»tMW%^   a;^  7*.      '  Z 

47.d'  Sfa^fc  C«^'  «c«M«  .2  knM.    f  20»>M 
S3-6'    Ca<kl   fC««M,/0  MM  J.'^  2.0 

J3.«-,r».«;sf.3>f/y   fr 

tof/i-roMMN  cf^rrtAiMX.  Mc/-iitt>ivti 

e.(■w]rsf«<>^«r 


74^  « 1.5    S/Z.TS76N«-<Si 


"*0H-»2a 


F22 


R  C  HARLAN  AND  ASSOCIATES 


DRILL  LOG 


TONSUB    fTIYER  -£"Jf/5T/NS    DAM 
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:g  4A/W  9^      SURFACE    ELEVATION: 3^^l,tl 

WELL  DEPTH   (FT): BOREHOLE    DIA.   (FT):      8" 

24-HOURS: COMPLETION: 


.LENGTH   (FT):. 
.LENGTH   (FT):. 


15'        TYPE:        f^^C-    T^\  -LO£, 


DRiaiNG    COMPANY:  O  ^<g:ggpfc= 

DRILLER:  C>f\'^J^  fJfU>lJ\j£{ 


SLOT    SIZE   fiN):    yO'O     DEPTH    (n): 


ArCS-/^C,fi, 


.DRILUNG   METHOD:  g"  H.5.  ffMfr^Kjf^Ot    &i6l 

.  DATUM: \ 

.CHECKED  BY:. 


DEPTH 


CLASS. 


FIELD     DESCRIPTION 


WELL 
LOG 


„.  REMARKS  .^  /',,T- 
-1.0  yrycjie.-^  Become  cur 
■  i.o'  c-urt>pp,  f='U^sHl^^l^"f*.lt. 


2,0-- 
3'C?  -- 
4,0- 
S,o 

-7.0  + 

9,0 

'«.o4- 
iZ.t)- 

ij.o-r 
/+.0-- 

M.D- 

\«,0 


V/ 


^ 


i 


^:: 


/^ 


10:3.0 

Vg"  feEJJ-rtJAJiTE' 


15'  ^^AS'/OO- 


/^L 


/ 


% 


<Gt^\C.<.  (sAO'TT' 


f-v. 


/  r 


ZO^'^o  $Mib 
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BORING/WELL    COMPLETION    LOG 


IZZZI 


Z3 


ESA  Consultants 


BORING/WELL   NO. 


PROJECT   NO.: 
CUENT: 


PAGE:. 
DATE: 


DATE   DRIUED: 

BORING   DEPTH   (FT):. 


.DATE  COMPLETED:. 
.WELL  DEPTH  (FT):. 
24-HOURS: 


WATER   LEVEL  (R):  INrr._ 

CASING:   DIA.   (IN)  LENGTH   (FT): TYPE: 

SCREEN:   DIA.   (IN) LENGTH   (FT): SLOT   SIZE  (IN): 


SURFACE  ELEVATION:. 
BOREHOLE  DIA.  (FT):. 
COMPLCTION: 


.DEPTH   (FT): 


DRILUNG   COMPANY: 
DRILLER: 


.DRILUNG  METHOD:. 

.DATUM: 

.CHECKED  BY:, 


DEPTH 


CLASS. 


FIELD     DESCRIPTION 


WELL 
LOG 


REMARKS 


\<^j}-- 


e.0Vc&     18,8* 


k 


SHEET. 


OF 


F38 


BORING/WELL    COMPLETION    LOG 


12^ 


ESA  Consultants 


BORING/WELL   NO. 


PROJFCT:      TOM6-i>>g      Pt-'^d^K.      C^^M 
PROJECT   NO.:         M  I.  5&C>1 


.  PAGE: 
DATE:     A    r^M  9  5 


CUENT: IV\NkJe-<^ 


I  c)rj^TinN~N/gA^     SW  ^:^aA■^/£fc  f>ft.i<AMV   'Sf'/U-tA/ArV  (^5gg    AM^"^<wA 

DATE    DRII I  rn-  ^    I^^^Y  9^      DATE   COMPLETED:       -^  <MY99       SURFACE    EL£VAT10N:^'^.t  I 

BORING   DEPTH   (tT):      30. 5     WELL  DEPTH   (FT):  7 BOREHOLE    DIA.   fR):    y" 

WATER   LEVa   (R):   INIT 24-HOURS: ^ COMPLETION: 

CASING:   DIA.   (IN)         2.       LENGTH   (FT):     Z^' TYPE:      P </<S- TTg-l  "  L-OC 

SCREEN:   DIA.   (IN)        2-       LENGTH   (FT):        & '  SLOT   SIZE  <\H\:     .0^0    DEPTH   (Jjy.Z^.Q-i^lP 


DRILUNG  COMPANY:    OK^^f^     Q/^' t^'*^RILUNG  METHOD:    g"'    M-S.     ArOb-&U   f^  & 
DRILLER:        !S  AV^    6AO«A/<-eV DATUM: ^ 


f\rj:r  J^i.h_ 


CHECKED  BY: 


DEPTH 


CLASS. 


FIELD     DESCRIPTION 


WELL 
LOG 


I  -; 

^£r^- 

1.0- : 

5-0  + 
61?- 
7,0-- 

J.0-- 

I9i 

i/j)-J- 


^tU~,     CU>r^ 


\ 

\ 
\ 


'\- 


\;;      SHEET 


OF 


F39 


BORING/WELL    COMPLETION    LOG 


ESA  Consultants 


BORING/WELL   NO. 


PROJECT   NO.: 
CLIENT: 


.PAGE:. 
DATE: 


ZH 


s 
p 


DATE   DRILLED: 

BORING  DEPTH   (FT): 

WATER   LEVEL  (FT):   INIT. 

CASING:   DIA.   (IN)  

SCREEN:  DIA.  (IN) 

DRILUNG  COMPANY: 

DRILLER: 


.DATE   COMPLETED:. 

.WEU  DEPTH   (FT):. 

24-HOURS: 


.SURFACE  ELEVATION: 
.BOREHOLE  OIA.  (FT): 
COMPLETION: 


.LENGTH  (FT):. 
.UNGTH  (FT):. 


.TYPE: 

.SLOT   SIZE  (IN): 


.DEPTH   (FT): 


.DRILUNG   METHOD: 

.DATUM: 

.CHECKED  BY:, 


DEPTH 


CLASS. 


FIELD    DESCRIPTION 


WELL 
LOG 


REMARKS 


21  0 

'-Z2.C- 
73.0' 


(U-:- 


\;: 


u.  '■■'■■■  ••        i.   .-^  '- 

— ■  Ou\  Of.  frfrbv/r  ... 

../-■      '^  "T 

— 10-40  S.Ar*JC> 

^  i  &A£?S     ie<40    5A*/A 


Z.-7,o'.   eo6 


-~zi.a 


(6.A6-   ^et^roNitB 


•    SotVOf^  Op  ffOLE'  @,  30,  S 


I 


SHEET .OF 


F40 


ESA  Consultants 


JOB  NO.         1^' SUBJECT        P'SA?^        P  f  £:^:OA^^TEri<L 


_42L__DATE  <J^  >aAn  g*? 


I 


F41 


( 


p 


p 

1 

p 

p 

p 


i 


F42 


2004 


BORING/WELL    COMPLETION    LOG 


ESA  Consultants 


BORING/WELL    NO. 
P-sAj 


PROJFCT:      TON^eVg"      fi-X^T^^A^      DA-A\ 
PROJECT    NO.:  I4  I    .   9£.0  1 


.  PAGE: . 
DATE: 


?A 


4  AvAy$9 


DATE    DRIIirn-   A    I^^^Y  ^9       DATE    COMPLETED:    -4  AA  A-y   >9       SURFACE    ELEVATION:  2JUA^ 
BORING   DEPTH   (FT):     2-9.5       WEU  DEPTH   (FT^:       Z7  ■  "Z-  BOREHOLE   DIA.   (FT):     ^" 

WATER   LEVEL  (FT):   INIT 24-HOURS: COMPLCTION:^ 

CASING:    DIA.   (IN)        'Z       LENGTH   (FTV       2-^ TYPE: fVi^' Tfe-I  - t-CQ 

SCREEN:    DIA.   (IN)        ~Zi^     LENGTH   (FT^:         S-         SLOT  SIZE   flN^:    >0/fl    DEPTH   (FJ):73.i'''-2t-Z' 


DRILUNG   COUPANY-         D'<'^^^£- 
DRILLER:  iht^-J^-  /  A-OyJ^'-^J 


A^.3"/gSA- 


. DRILUNG   METHOD:. 

.DATUM: 

CHECKED  BY:, 


Mos«<-e.  ft-61  g"'  ^.s.  /Wfr  ^ 


DEPTH 


CLASS. 


FIELD     DESCRIPTION 


WELL 
LOG 


/^it 


•P/<4 


A.t)  -- 
S.O    -- 

7.6'   + 


\Z?- 


IJ.O 


17,  "^  4-' 

_L2iiL 


p.uu;  <:^->W 


F43 


-,,^: 


\ 


X: 

L: 


"V 


-I.H 


^7\ 


"VJLz    i^^ 


I 


a^" 


^^^'- 


^: 


1:- 


\ 


SHEET. 


BORING/WELL    COMPLETION    LOG 


:izi 


m 


ESA  Consultants 


BORING/WELL    NO. 


PROJECT   NO.:. 

CUENT: 

LOCATION: 


.  PAGE: 
GATE: 


DATE  ORIUED: 

BORING    DEPTH   (FT):. 


WATER  LEVEL  (F7):   INIT. 

CASING:    DIA.   (IN) LENGTH    (FT): 

SCREEN:   OIA.  (IN) LENGTH    (FT): 

ORILUNG  COMPANY: 

DRILLER: 

LOGGED    BY: 


DATE  COMPLCTED:. 
WELL  DEPTH  (FT):. 
24-HOURS: 


.SURFACE  ELEVATION:. 
.BOREHOLE  OIA.  (FT):. 
.  COMPLETION: 


.TYPE: 


.SLOT  SIZE   (IN):. 


.DEPTH  (FT): 


.DRILLING   METHOD:. 

.  DATUM: 

.CHECKED  BY: 


DEPTH 


CLASS. 


FIELD    DESCRIPTION 


WELL 
LOG 


REMARKS 


^\,v  -■ 

ZZ.C. 

v.c 

24.0- 
-2:;.c-- 


fcOv^  &    2?-  7 


#     ;• 


rl:^ 


-^  2.  feAb$,  ao.CK  6^"^ 

I 
'top  \)^    CA^-Jfp^    <"- 


^  ^1  .Z-     Rt>6- 
I  E.A6- 


^1  4:>5 


SHEET OF 
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?-'h^\    i^o  c/Ynof^ 


.  SHEET  NO. 
.BY 


^op3 


F45 


p 


F46  2004 


BORING/WELL    COMPLETION    LOG 


ESA  Consultants 


BORING/WELL   NO. 


PROJFCT-         Tar^^iie.      ^.'yX'r    IVrr^, Pk^it  -gy- 


PROJECT   NO.:      i4h  9'5oJ 
niFNT-  b/JRC 


.PAGE:. 
DATE: 


S']T-99 


DATE    DRHIFD:     5-11-9^         DATE    COMPLETED: S-/?-??  SURFACE    ELEVATION:  7422i 

BORING   DEPTH   (rr)^      /(>/.?'    WEU  DEPTH   (FT):       5?-  ^'  BOREHOLE   DIA.   (n):  8"^ 


i^ 


WATER   LEVEL  (FT):   INIT.. 
CASING:   DIA.   (IN)     ^\h 


SCREEN:   DIA.   (IN)     W/^ 


24-HOURS: 

.LENGTH   (rr):_ 
.LENGTH   (FT):_ 


.COMPLETION: 


.TYPE: 


.SLOT   SIZE   (IN): 


DRILUNG  COMPANY:    <3'/Knr-Pe   Pr/l\>oa 

DRILLER:     Z^y^  CrauJ  \ey 

LOGGED   BY:         S -/-£-•  <^  «?  Tt-g^TV 


.DEPTH   (FT):. 


.DRILUNG  METHOD:    Q"    tJolloid  S'kfy)  AuaCiT 
. DATUii: Mah/lf.    C^/-/ 


.CHECKED  BY:. 


DEPTH 


CLASS. 


FIELD    DESCRIPTION 


WELL 
LOG 


REMARKS 


/a'-- 


^' 


3a'. 


^o'  -'- 


5i^'- 


6o'-. 


^'  — 


£/ey.J37-r(a<t3.s"     ~r;v#T|( 


l..o,H.  (5  6/.?'- 


^: 


::       BcfO^  Pr/ll,'r^(S    054S 


■  ^ro^Jr-hTofo-^  Hole 


*o'  e  094Z 


SHEET. 


OF 


F47 


F48  2004 


€ 


BORING/WELL    COMPLETION    LOG 


ESA  Consultants 


BORING/WELL    NO. 


PROjrCT:        Thn^ut     P,Vgr     Pnfyf,     Pfyi^f    .TIT. PAGE:_i_  

PROJECT    NO.:  J4/.f^/ OAie: ^'/j-f? 

CIIFNTr        t>/s!R^ . 


LOCATION:    ap'i4-rfan^   ^lapf.      bd".    Se.r>>,C^^  £'n^ T.  ■5p/l/uJ0>^ ^  fjf^  5\jrtp/KL  X)-fZ5 


DATE    ORII I  FHr      ^'  M  '  9?      DATE   COMPLETED:     ^'H-IJ 
BORING    DEPTH    (FT):     ^f^/g'    WELL  DEPTH    (FT):       Itlsi'^' 

WATER   LEVEL  \(FT):   INIT 24-HOURS: 

CASING:   DIA.   (IN)      ^^Pf      UNGTH   (FT): TYPE: 

SCREEN:   DIA.   (lN)J!/ZA^_ LENGTH   (FT): SLOT   SIZE   (IN): 

DRILUNG    COUP  ANY- (^'/t't.gfg     Vr/lli'nO 

DRILLER: bo  (/<» CrnuJiey 

LOGGED   BY:      ^fgL>g      S-f 0  f 


.SURFACE    ELEVATION:  2.^3^ 
.BOREHOLE    DIA.   (FT^:    3'^ 
.COMPLETION: 


y& 


.DEPTH    (R):  . 


.DRILUNG   METHOD:   3"  ffoHovO  Siem  Auger 


Mob/lp  B^/ 


£^ 


CHECKED  BY:. 


DEPTH 


CLASS. 


FIELD    DESCRIPTION 


WELL 
LOG 


REMARKS 


lO-- 


7Ji'— 


30'- 


A6 


I  ■■ 


50'-- 


(fiO 


10' 


::*\ 


ttOH''  ts.%' 


<ri- 


-&rt)^i   -fo  rap^tialt, 


.—  1315 


h\ — 37.  f 


22  "Tbpa"f   P''<5 
31.1  -foP  a^  ^«"a 


■'/■;__  ,4/8=  ^9' 


g 


SuoK  Very  /T»s-/--  3  -5  - 


5  Ba^sJ?'"^- 


SHEET. 


OF 
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F50  2004 


USA  CONSULTAN  rS 
2637  Midpoint  Drive,  Suilc  I- 
Fort  Collins,  Colorado   80525 
(303) 484-3611 


Soil  and 
Bedrock  Log 


HOLE  NO.  _ejijL^____ 
GROUND    ELEV.-CLi±12iJ_ 


ppn.ip-rT  <r^../^.,/t    ff,,sj^.^     Oftrr. DATE    DRILLED  '  1 1 1 -Jl — 

LOCATION        Rl  ' -frem ^  .  >a /-      .^a.a    £>jo M  -:^a    f^ 

DRILLING    CONTRACTOR   rc^rr r-- a-<.T ^ r^        LODGED    RY     ^.  s    Puvrw^a../       DEPTH  TO  GROUND  WATFR  r.o^ 
TYPE   OF  Pin  erg.  -?s-o    hoi  f   DIAMETER _SL:/iil_  HAMMER   WEIGHT  AND    FAl  L    /  Vo  i/.<  /:^o" 
SURFACE    roMniTiriNf^      ^».,-v,     Ur^x.X TOTAL    DEPTH   T';S'      NO.  CORE  BOXES 


DEPTH       CLASS. 


FIELD      DESCRIPTION 


REMARKS 


r  ^L 


lo 


IS 


=>-o  JL        ^ 


^S     ■• 


Ho    :: 


^5      ■■ 


•  ^    i.sViA-,  <.\..j'«V.. 


> 


S-^fU 


/:^< 


F"-i_ 


\'.. 


•  e>H 


F51 


J  L     i  \o^O  I     ^-^—'^    >^'  '^^     "J^^l 


■  uc-c--r  /        r>F 


PROJECT _-ro^i^„,    <?^^'^.     n>vo: DATE    DRILLED    //7  ^  ./ft/ff 


HOLE    NO. 


L-3 


DEPTH 


CLASS. 


::^^)  J^ 


■  -  I 


jj-i 


faf 


FIELD      DESCRIPTION 


i? 


:^'^ 


•  c 
--  u 
■-    I 

::  >; 


■  -  L. 

A 

■■y 

SJ9 


a\!..,cv^^., ^4.1.%^*.^,'^  v--MUv.a^        ■*• 


'. '.  Q*^ 


_if.^40vr -J^,  ^^^  ^,^^j,     ^    ^       -.^^j 


J/    t.e-V».v-iw 


-L 


;  &ki       -^i. 


-■  6^i' 


a^.., 


3i.--T-r»,ao        />cr,5-  - -7o .  5"  i 


-^s-'- 


F52 


REMARKS 


«    ..i.    vv.     f'.^V       <»' 


;;     ^t-i..  .\V»i^  \<\.V.w    ^l    i-'V 

B'U"     O.  A.       U.U  i^i^^i  J    rw..«j    ^     , 


i 


i 


;:      SHEET,^^^  0F_._ 


J,Tn      11      'J'J     O'J  :  CKJA     ISA 

.^-.         ESA  CONSUL!  ANl^ 

2637  Midpoint  Drive,  Suilc  I' 
^     Fort  Collins,  Colorado   805?.5 
(303)  48^3(1 1 1     -^Mi.^ 


/ICXi       7:1/      ;'l!iH 


PRO.i Frr    -^.^u/  A-^  -t>^-- DATE    0RILLED_^i£?.^21 

LOCATION   '■^^v^     /':'/?    /^^--^  /    ^fr/ ,„,.' '/ ^  .-W/ 

DRILLING   CONTRACTOR  =1-^'- LOGGED    BY 


SoJI  and 
Bedrock  Log 

HOLE   KIQ.     AH-'/       f^)\'S 


GROUND    ELEV.     vt-^'- 


J}±1 


DEPTH  TO  GROUNDWATER 


rrPE  OF  RIG_i±!£2£:^H0LE  01  AMETERJl^^Iiil.  HAMMER  WEIGHT  AND    FAL  L  //&%««<  >C<^.^/j., 
SURFACE    CONDITIONS     ^<^o>f  A^'.^./^    a-.^^/  TOTAL    DEPTH    ■  ^\^\-  NO.  CORE  BOXES. 


DEPTH 


CLASS. 


<-- 


/ 


/' 

/    / 

•'   / 

/ 

/-   • 


■■  (U 


/' 

l.f  I'f 


FIELD      OESCWPTION 


t     r. 


■'y^    if.'-    '//'  f— •'.     i'"-f: 


ZT 


-«-Ay  :  <i''<  h- — .\    5."-.r/:*'.  '.hi'- 


-■■,.•.'      rf'5/i(>      6.,.  ^'' .  /   t  _    ^• 


-jT 


REMARKS 


-f>»>-.   «1<^-'' 


'»-.   «i<^-»'— w     'i.*^' 


/yf-r 
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,'"■•••    ■<  "T--    i*  .. 


DEPTH 


CLASS 


HOLE   NO.     /"'■'. 


^\!^      OesCRIPT 


ION 


J- 


/ 


REMARKS 
1 


/ 

/ 


(.'f- 


r.iX//    *^^^    ,',  ...^^    p;^A      ''*'~"^     fry    l'""- 

h/>v,  :.^-  .i^  1  ^  ,:^.,,^  ._.„.;■  ;;r^''  :: —    . 

'•'•.!■.,  V      .       •         ^         i   -'•/    -    .•••-.Ac  Z-i> 


'-f 


MM—". 


-  1  -fp  551  ' 


uIa...     ^.-     '-■^"•'    ^r-^     '-r--^-%   'i,-..U..    V- 


T 
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BORING/WELL    COMPLETION    LOG 


ESA  Consultants 


BORING/WELL    NO. 


rOK\rj-^jFr      ft.lV/£75     tS^TK 


PROJECT   NO.:         M  t   ■  '^Sot 


.PAGE:. 
DATE: 


ize: 


"^     fV^AV    «rc^ 


.y^ 


.^1 


DATE    DRILLED:  JZ_/M1_22_ DATE   COMPLETED:      "7  M  /V'OS     SURFACE    ELEVATION: 
BORING   DEPTH   (FT):    l^O'     WEU  DEPTH   (FT):       72.6*  BOREHOLE    OIA.   (FT): 

WATER   LEVEL  (FT):   INIT 24-HOURS: COMPLETION: 

CASING:   DIA.   (IN)        2-         LENGTH   {H):       lo'        TYPE:       Px/t-     TRJ:: -»^OcL> 

SCREEN:    DIA.    (IN)         "Z^       LENGTH    (FT):  5  SLOT   SIZE    (IN):    .OlO    DEPTH    (FT):  &7.fe'-7 

DRILUNG    COMPANY:        Qte^^^FK 
DRILLER:  bAv/g    ^OW/f,gV 

LOGGED    BY:. 


;4 


.DRILLING   METHOD:  l?"ri.S  »UfrP?L//rtDCn.g  6-^( 
.DATUM: 


Ac-rC 


.CHECKED  BY:. 


DEPTH 


CLASS. 


FIELD    DESCRIPTION 


S'/'^l.fl 


WELL 
LOG 


REMARKS 


J^ 


5,0- 


|O.0- 


iso 


Zo.O. 


25.0- 


}f>.0- 


^.0 


^O.l 


^.0 


Fit-L   -  SA-NJfbV    SiL-TV  6-^iA^/igU■  TTrPg^j ; 


/Yw>iS+-^    Sonrve,  $/Aj\J^ 


1 


'{ 


■5/$"  fce*srro»JirE 


•£i^Ji<&lc6rA£?i;r 


|C.  iS-^/A 


I 

;:: 
I 


/ 
/. 
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BORING/WELL    COMPLETION    LOG 
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BORING/WELL   NO. 


PROJECT   NO.:. 
CUENT: 


.PAGE:. 
DATE: 


^/7. 


=] 


i 


DATE   DRILLED: 

BORING  DEPTH  (FT):. 


.DATE   COMPLETED:. 
.WELL  DEPTH   (FT):. 


WATER  LEVEL  (FT):  INIT 24-HOURS:. 

CASING:   DIA.   (IN) LENGTH   (FT):  _ 

SCREEN:   DIA.   (IN) LENGTH   (FT):  _ 


.SURFACE  ELEVATION:. 
.BOREHOU  DIA.  (FT):. 
.COMPLETION: 


.TYPE: 

.SLOT  SIZE  (IN): 


.DEPTH   (FT): 


DR1LUNG  COMPANY: 

DRILLER: 

LOGGED  BY: 


.DRILUNG   METHOD:. 

.OATUii: 

.CHECKED  BY: 


DEPTH 


CLASS. 


FIELD    DESCRIPTION 


WELL 
LOG 


REMARKS 


S0.0-- 


55.0 -- 


^».t>-: 


AS,0. 


^o.c  -  r 


75.0- - 


^.«-- 


_? >^,> 


i'^t-TOKTi^l    6rK£i,    fnoii-r/^tS^ht^l^^'.'. 


Bot*©   7fer.5'  e>  S',AS  P^ 


/ 

/ 


^v. 


z 


i 


t 


/;■ 


::  £^«6*i6^^aJr 


II 


Jifci  uuEie.  &twri  ^£>M/M 


i/«r''eewTt7Mivg' 


*:: :  zo-ao  sah^ 


^:V«"    ft^NTBlJlTt 


^ 
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BORING/WELL    COMPLETION    LOG 


ESA  Consultants 


BORING/WELL   NO. 
P-CC±/A  cLrA 


PROJECT:      -r^ojttf.    KiW.r   'bayn  ,    Ph»5<-   -UA 
PROJECT   H0.:__Jdh3^il 


.PAGE: 
DATE: 


S-/^~99 


LOCATION:  fJp»tr€of>,  aigp   <Aai»i   Cr&6^/Cen^r(rhru,  e^tr.SpH).  Kcc  Oj».^fin3  , 

DATE    DRIIirn:     S- 1(1,-9  9        date    completed:       S-lU-Tf  SURFACE    ELEVATION:  1^25, 

BORING   DEPTH   (FT):     ">&■  ^  '    WEU  DEPTH   (FT):      IQ  ' BOREHOLE    DIA.   {n): IZ^toS^ 

WATER  LEVEL  (FT):   INPT 24-HOURS: COMPLETION:. 


3  2. 


CASING:    DIA.  (IN) 
SCREEN:   DIA.   (IN) 


LENGTH   (FT):. 

LENGTH   (FT):. 

DRILUNG  COMPANY:  0'K:t£.-fe.    T>r)'lll.vj 

DRILLER:      T?aL/€-    Croujlty 

LOGGED   BY:_Sted>l_^ia 


.TYPE:. 

.SLOT  SIZE   (IN): 


.DEPTH   (FT): 


.DRILUNG  METHOD:    Z"  nOlho}  S-krf  Auaef 


3L 


.DATUM:. 
.CHECKED  BY: 


fl^i 


DEPTH 


CLASS. 


FIELD     DESCRIPTION 


WELL 
LOG 


^ 

^ 
'^ 


REMARKS 


10' 


2D'- 


2fl'- 


40'. 


5^-- 


CO'. 


10' 


'bo'  — 


£:icv.2^00fS'Z^.32' 


^j?-y 


Clev.33&.0@  (o'?>3Z' 


*1 


F57 


/0 

15 
II 


2: 


BegaiN  Pr.'JVnj  (g  //OS 

■i.S'@  //So  =r  /Icc/C/ay  Coniqct 

(lZ"(pfort^]t  +<!^.5') 


3  t<i^  3  6ftv^ 
_  12  13  (5  1^' 


;r-8»#»^  «-F  f»-<::<:;(8)<2^9'+' 


(11  '/Z  3«i*  l^o/fpluj^ 


<■'— fZ-ZJ-ijf  S^^' 


/:: 


-TbPa?  Sa.vA=  (i>6-^' 
(3   70' 


SHEET_J__  OF 


BORING/WELL    COMPLETION    LOG 


ESA  Consultants 


BORING/WELL    NO. 
P-CCX  (3) 


PROJECT;    -ny/i^iAs.  R,'o*r  'ba/tij    PM^  i7?" 

PROJECT   NO.:        14\,   f  ^O/ 
CIIFNTr       bMRgl. 


DATE:       S-l^-'?9 


DATE   DRHIFn-    S'-li-ff  DATE   COMPLETED:      5'-llp-9f  SURFACE    ELEVATION:  3^'. 

BORING  DEPTH   (FT):    ^4.1'      WELL  DEPTH   (nV       g>3>?'  BOREHOLE   DIA.   (FT):  /Z^-faS" 

WATER  LEVEL  (FT):   INtT 24-HOURS: COMPLCTION: 

CASING:   DIA.   (IN) LENGTH   (FT): TYPE: 

SCREEN:   DIA.   (IN) LENGTH   (FT): SLOT   SIZE  (IN): . DEPTH   (R): 


DRiaiNG  rnuPLHY-  n'te.t4e.  Dri'iti'ttf      drilung  method:  i"  fh/laui  ^/hJlL^er 

DaiK   CrouJ\ty datum:      '     %- Mgb/fe  Btol 

r-      <-fi»T/lg.      g/^ri/  CHECKED  BY:i.  ' 


S4 


II 


DEPTH 


CLASS. 


FIELD     DESCRIPTION 


WELL 
LOG 


REMARKS 


/O 


30'— 


^o'- 


Sa'-- 


(/>' 


10'-- 


80'— 


Clo^y  ?? 


E\f,f  >3^5q.-n 


'AlluLV'iln^ 


--=*'-^ 


84./'=  S.O,/t, 


^y- 


-4,5"  Bo^^?,,,   <rf  f^CC 


//9    /?A1. 


ii'Ct'i 


::-/os-5(5  38' 


IZISCB  (o3' 


('68,?'-^  Zo.i') 

.    80.1'    "J'"'"  "f  Sa/rii/' 
(S     83'*? 


SHEET__±L_OF 


t 


F58 


r^- 


BORING/WELL    COMPLETION,  LOG 


% 


ESX  Consultants 


BORING/WELL   NO. 
P-gz  A/ft 


PRQJFr-T:        T^WfrOfc  f<-l^g?*-     t^  ^f^^ 
PROJECT   NO.:  /^l.9.Sd>| 


.  PACE: 
DATE: 


TTT 


u  <vw«»y  ?5 


g/fe-r  ^r    g^gA^T^Nc-y  e'»n-L.vA/Ay 


DATE    HRII I  rn-    IQ  /^A-y  ^       DATE    COMPLETED:     lirA^'^99      SURFACE    ELEVATION: 

BORING   nFPTH   (FT):     <3Z>'      WELL  DEPTH  (FT^:       1.^0' BOREHOLE    DIA.   (FT):       S " 

WATER   LEVEL  (FT):   INIT 24-H0URS:_^l . COMPLaiON: 

CASING:   DIA.   (IN)         f/'      LENGTH   (FT):  \1^/ tS'  TYPE:     ^\JC    Tfel  -L.DC^  

SCREEN:    DIA.    (iKJ) _j/jLl  FNnTH  jFT):         r/l/  SLOT    SIZE   (IN):    ■^''O      DEPTH    (FT): 

DRILUNG  cnUPANYt        O'Ktg^Fc"                   DRILUNG   METHOD:    ■^"  Hi  a>    <4V»67l/ AVlfl  fr^' 
DRILLER:         D  An^K    L^O^LJi^  DATUM: 


LOGGED    BY:  Pf  IST J pC,lfir 


CHECKED  BY: 


DEPTH 


CLASS. 


FIELD     DESCRIPTION  ^^ 


3if^.xr    WELL 


vm. 


REMARKS 


aOlCxK  Cr^Oy^ 


1>1 


#^l 


\0.O-  - 


ZJO.O  — 


30.0 -- 


Ao.o — 


S0.0-- 


'^.i 


70. 


€(9,0-- 


_aL2. 


,.>^' 


>.B.iu»_i  •Ot-C*>'    2i.o' 


^/. 


i 

/ 


//// 


£1 


,.»isP 


-y 


y/i"  &sri^TO(OiTE 


Z2: 


>^: 


SHPET       _  ,.    OF 


F59 


BORING/WELL    COMPLETION    LOG 


ESA  Consultants 


BORING/WELL   NO. 


PROJECT   NO.:. 
CUENT: 


.  PAGE: 
DATE: 


.2^ 


=1 


I 


DATE   DRILLED: 

BORING   DEPTH   (FT):. 


WATER   LEVEL  (FT):  INIT 

CASING:   DIA.  (IN) LENGTH   (FT): 

SCREEN:   DIA.  (IN) UNGTH   (FT): 

DRILUNG  COMPANY: 

DRILLER: 

LOGGED   BY: 


DATE  COMPLETED:. 
WEU  DEPTH  (FT):. 
24-HOURS: 


.SURFACE  ELEVATION;. 
.BOREHOLE  DIA.  (FT):. 
.COMPLETION: 


.TYPE: 


.SLOT   SIZE   (IN): 


.DEPTH   (FT):  , 


.DRILUNG  METHOD:. 

.  DATUM: 

.CHEICKEO  BY:, 


I 

III 

i 

I 

(3 


DEPTH 


CLASS. 


FIELD    DESCRIPTION 


WELL 
LOG 


REMARKS 


50.0  •■ 


iiJao. 


\2jO.0- 


tjo.o- 


,^f>_L 


&CM  ©  tSZ-C?' 


F60 


f 


"^tOJ. 


-y^Cioic^e.  &./Uxn- 


bai: 


i^iM/v/vA  Fiure/t  TIP 
*eT'  @,  re.9.0'-  no.o' 
^3/s"  6.eivrrOK*rre 


^';i 


M 


::       SHEET OF 


BORING/WELL    COMPLETION    LOG 


II 


ESA  Consultants 


BORING/WELL   NO. 


PROjrCT:        rOKl(:<lJ0-    (JiKJsSJi.     fi  A/A 


PROJECT    NO.:. 

CUENT: 

LOCATION: 


v=\\  .9SOI 


.PACE:. 
DATE: 


mz 


K  MAY  3-3 


rAO  /vJfi-C 


gA-^-r  g<=    ygAt^^^grs^y    jSpiu^-JM;>^Y 


DATE   nPllirn-      13  AVA-Y^   date   COMPLETED: 
BORING   DEPTH  (FT)-     ^S','?    WELL   DEPTH    (FT): 

WATER  LEVEL  (FT):   INIT 24-HOURS: 

CASING:    DIA.   (IN)       2>        LENGTH   (FT):  J 
SCREEN:    DIA.   (IN)       Z-        LENGTH   (FT):        5  ' 


M   WVAy»3     SURFACE   ELEVATION: 

^.  2-              BOREHOLE   DIA.    (FT):    g" 
COMPLETION: 


95' 


DRILUNC    COMPANY:        0'l<££F^ 
DRILLER:  i^AVg    r.^fyAfLJ^S. 


SLOT  SIZE   (IN):    .  «g'0    DEPTH  (FT):  .2^2 
.ORILUNG    METHOD:     g"   »t.S.   40frEft/»»atf  S-Jt 
.  DATUM: 


AePCie-^^ 


.CHECKED  BY:. 


.'s-i 


DEPTH 


CLASS. 


FIELD    DESCRIPTION 


WELL 


IHHIJI-^ 


LOG 


REMARKS 


I 


lO.O 


lo.o— 


"JD.O- 


40.O- 


50.1;-  - 


fcD.0-- 


70.1 


90.  a 


I 

/ 

i 
/ 


i 


^1 


^:3/«"    SgFV>TWs/»T& 


.CJu»l6tC    A^Ot^T- 


^:; 


SHEET OF 


F61 


BORING/WELL    COMPLETION    LOG 


"zTT 


=] 


ESA  Consultants 


BORING/WELL   NO. 


PROJECT  NO.:. 

CLIENT- 

LOCATION: 


.PAGE:. 
DATE: 


DATE  DRILUD:^ 

BORING   DEPTH   (FT):. 


DATE  COMPLETED:. 
WEU  DEPTH  (FT):. 
24-HOURS: 


WATER   LEVEL  (FT):  INIT. 

CASING:   DIA.  (IN) LENGTH   (FT): 

SCREEN:   OIA.   (IN) LENGTH   (FT): 

DRILUNG  COMPANY:: 

DRILLER: 

LOGGED   BY: 


.SURFACE  ELEVATION:. 
.BOREHOLE  OIA.  (FT):. 
.COMPLETION: 


TYPE: 


.SLOT   SIZE   (IN):. 


.DEPTH   (n): 


.DRILUNG  METHOD: 

.  DATUM: 

.CHECKED  BY: 


DEPTH 


CLASS, 


FIELD    DESCRIPTION 


WELL 
LOG 


REMARKS 


\<X)-- 


WO 


60H  @,  98'.7 


F62 


SHEET. 


OF 


f 


BORING/WELL    COMPLETION    LOG 


D 


ESA  Consultants 


BORING/WELL    NO. 


DEPTH 


PROjrcT-    -(VfJfrOlE.    p.iv^>fi-    5AMr 


PROJECT   NO.:         ><^>   -  950( 


PAGE:. 
DATE: 


IZi 


t;    AVAY^ 


incATioN-       gA^r    /Vau>r/Y\gA/T 


9  rf\A^:  59      DATE   COMPLETED:      5  r^ArV  99 


DATE   DRILLED: 

BORING   DEPTH   (FT)-     "l^-Z'  WEU  DEPTH   (R):. 

WATER   LEVEL  (FT):    INIT.  .a^24-H0URS:_j 

CASING:   DIA.   (IN)         "Z.       LENGTH   (FT):  A5 

SCREEN:    DIA.   (IN)         2-       LENGTH    (FT):         5  ' 

ORILUNG   COMPANY:        P'<&^f^C 
DRILLER:  h  ft^/g-  /SfiOX/L^'f 


^fc.o 


.  TYPE:_J>i^ii 


SURFACE    ELEVATION: 

BOREHOLE    DIA.   (n):      S' 
COMPLETION:        


SLOT   SIZE   (IN):    .  OlO    DEPTH    (FT^.^I.Q '-4 


.DRILUNG   METHOD:  f?    M$,  A/frSftv^  >^t?6   g- 
DATUM: 


LOGGED  HY:        A  ^:.rr  /  ^  5^ 


.CHCCKED  BY: 


CLASS. 


FIELD    DESCRIPTION    ?xf  Cut 


3vv7,//^^y^a_- 


Jsrwi? 


__LQG   _ 


.^    /  REMARKS.  _      _ 

"^JK^  62i^M>ti  6^cur 


i.^ 


10' 


D 


zo'  — 


30-: 


>|0'-- 


S^'-  = 


iO'— 


no'— 


<►' 


6dv+  @  49.2. ■/ 


1, 


^[  z/i'^  %&iJrotJir6 


SHEET OF 


F63 


F64  2004 


BORING/WELL    COMPLETION    LOG 


ESA  Consultants 


BORING/WELL    NO. 


PROJECT:     TONJt-US.    ft-w/EPfi-      A  AWA 


PROJECT   NO.:         14-1.   ^S<3| 
ClIFNT:  ,KAhM£^> 


.  PACE: 
DATE: 


±U. 


fy  ^AV  y^ 


I  ocATioN:  sJAi-LA^V  QorTo^     (jc^KisrUBA aA  fi.  of  OWW^    g .  <?F  g  Sf i  LU  TAi  iJU^r 

DATE   DRIIIFD:      ^  ^Ar^  95    pATE   COMPLETED:     6^  /V^A-^  99         SURFACE    ELEVATION: 

BORING   DEPTH    (FT):    "^-S    WELL  DEPTH   (FT):      A^.  I BOREHOLE    OIA.   (FT):     S  " 

WATER   LEVEL  (FT):    INIT 24-HOURS: COMPLETION:  i.'.  I  '      ;    .i   ' 


CASING:    OIA.   (IN)  . 
SCREEN:   OIA.   (IN). 


J.' 


.LENGTH   (FT):. 
.LENGTH    (FT):. 


AC?  TYPE:      fV<^    Tft-I  -  i-CC- 


ORILUNG   COMPANY:  Q  '  ^EC-PB 

DRIUER:  bftv/t^     f^^C^U4£\ 


SLOT   SIZE   (IN):    <0lO     DEPTH    (FT):   31^.1 -■«  3.' 


ORILUNG  METHOD:    *&"  ^^.S. /Wfr^tf   'Wpfe.  fe-fei 
DATUM: 


LOGGED   BY: tkCS  )  f^Pr 


.CHECKED  BY: 


DEPTH 


CLASS. 


FIELD     DESCRIPTION 


/7tfr.?i  welT 


n 


LOG 


\. 


REMARKS 


5.0 


/O    __ 


»5- 


10- 


^5-- 


30-- 


55-- 


>0 


.4^. 


F'i_v_ 


^i-uiViu<v\  -    iiu.r,  AfacJcr^ 


Am,vJv/>i^M-     Ji^MO"^     efc>rV©_ 


AujJv'iLKX'  -  Siu-ry  £.am^ 


Ai-*j>^hJAA,    £rM*«^l-~ 


fe7>*    g>     ^-^  ^ 


i 


:;=r^7  Ai-^r^^e.  ^■•'S''^ 


-  -  t  gA<^  zo-^  V  3^^ 


OF 


S 


^^       SHEET_ 


F65 


-  I' 


• 


F66  2004 


BORING/WELL    COMPLETION    LOG 


ESA  Consultants 


BORING/WELL    NO. 


DEPTH 


CLASS. 


T^OtJti^S      /t.iv/gfe.  C.A-M 


PROJECT   NO.:. 
CLIENT: 


14  I  .  ^5(91 


.  PACE: 
DATE: 


Ul 


^  mA-y39 


o^pr^fiX^ 


DATE    DRIlirn-      ^  /V^AV  99  DATE    COUPLETED:      ^   <H  A-IT  59      SURFACE    ELrVATinM_ 


^ 


JSA 


.BOREHOLE    DIA.  f FT):      '^  * 
.COMPLCTION: 


BORING   DEPTH   (FT):    'ZO.  g       WEU   DEPTH   (FT) 

WATER   LEVEL  (FT):   INIT 24-HOURS: 

CASING:   DIA.   (IN)        "Z-        LENGTH  (FT):    /5".  O  TYPE:      fV^  ,     g '  guOTTED    ScAegAj 

SCREEN:    DIA.    (IN)       Z.-        LENGTH   (FT):         5.  0  SLOT    SIZE   (IN):    .^'O     DEPTH    (FT):  l^ljiS' 


DRILUNG   COMPANY:        D' >*^eEt-£^ 
DRILLER:  X>A,^yfe   /^tJ>JJue< 


.DRILUNG    METHOD:    •^"   l4>S.  AU6>St ,  f^O^    6-^1 


Arf^/S£^ 


CHECKED   BY:. 


FIELD    DESCRIPTION 


I  nn        — 


LOG 


REMARKS 

'2.0' ffT-CK^u/f. ,  'Z,^"*' 

s£t  8"  AMi^  PftpTEgrnfe  ST^a- 


S.D 


16.0 


^& 


zo 


E5-- 


Aw_o</icy«^-   £\lXi    6«-Au< 


At-6<c»v/ioM.^    iMJtV    irlLA^BL, 


Au^</iJtfi^  ii,.TV  £»MJQ 


SDrf(g   2J>.5' 


F67 


:^ 


I 


fllv/itK'  (r^Oi/T 


jz_  7  Auy^ee.^'*''^ 


•^•'    20-^O    5MMt> 


>_  ^e'^owrre    Pt-ufe- 


SHEET OF 


F68  2004 


1 


APPENDIX  G 

VIBRATING  WIRE  AND  DATA  LOGGER 
INFORMATION 


Gl  2004 


TABLE  9.  TONGUE  RIVER  DAM  VIBRATING  WIRE  WELLS 


New 

Old 

Year 

Type 

Total 

Standpipe  Wells 

Vibrating  Wires 

Name 

Name 

Drilled 

Depth 

Depth 

TOP  Eiev 

Depth      1  Reference  Eiev 

(sp)  (vw) 

(ft) 

(ft) 

(ft) 

(ft) 

(ft) 

209A 

DH-9(A) 

1995 

sp 

vw 

100 

100 

3443.10 

98.1 

3443.10 

20gB 

DH-9(B) 

1995 

sp 

vw 

70 

70 

3443.20 

48.9 

3443.20 

310 

H-10 

1998 

sp 

vw 

78.5 

77.5 

3450.90 

80.3 

3450.90 

401 

P-WD2 

1999 

sp 

vw 

18.8 

18.0 

3444.10 

19.01 

3444.10 

402 

P-WD1 

1999 

vw 

18.8 

19.55 

3422.97 

403 

P-SA2 

1999 

vw 

30.5 

28.98 

3417.09 

404 

P-SA1 

1999 

vw 

29.3 

28.5 

3416.82 

405 

P-US2 

1999 

vw 

61.9 

59.9 

3438.49 

406A 

P-USI(A) 

1999 

vw 

68.5 

66.5 

3436.08 

406B 

P-USI(B) 

1999 

vw 

68.5 

36 

3436.08 

407 

AH-3 

1999 

sp 

vw 

75.5 

71.0 

3443.30 

74.3 

3443.30 

408 

AH-5 

1999 

sp 

vw 

81 

80.0 

3440.80 

78 

3440.80 

409 

P-CL1 

1999 

sp 

vw 

75 

72.6 

3442.40 

72.38 

3442.40 

41 2A 

P-CR2(A) 

1999 

sp 

vw 

132 

85.0 

3443.20 

84.5 

3443.20 

41 2B 

P-CR2(B) 

1999 

sp 

vw 

132 

130.0 

3443.20 

130 

3443.20 

41 2C 

P-CR2(C) 

1999 

sp 

vw 

98.7 

98.2 

3443.00 

99.3 

3443.00 

413 

P-CR1 

1999 

sp 

vw 

49.2 

46.0 

3444.70 

45.7 

3444.70 

* 


Vibrating  Wire  Depth  =  depth  below  reference  elevation 

Number  of  monitoring  wells  (vibrating  wire  piezometers  only)  6 

Number  of  monitoring  wells  (vibrating  wire  and  standpipe)  1 1 

Total  Vibrating  Wire  Piezometers  17 


G2 


2004 


ROCleST 

Instrumentation 
Geotechnique  et  Structurale 

CALIBRATION  DATA  SHEET 
VIBRATING  WIRE  PRESSURE  TRANSDUCER 


DH-209A 


Model: 

PWS 

Serial  number 

100D99173 

Range: 

SOpsI 

Temperature: 

75  "F 

Barometric  pressure: 

29.53  inHg 

Cable  model: 

IRC-41A 

Cable  length: 

150  ft 

Thermistor  type: 

2  kohms 

Color  code:            red  &  bl; 

ick(coil)   green  &\ 

Applied 

Reading 

Reading 

Full  scale 

pressure 

iinear  unit 

frequency 

Error 

psi 

LU 

Hz 

% 

0.00 

3172.8 

1767.5 

-0.13 

10.00 

3003.8 

1719.8 

-0.01 

20.00 

2834.1 

1670.5 

0.04 

30.00 

2663.9 

1619.6 

0.02 

40.00 

2493.7 

1567.0 

0.00 

50.00 

2322.7 

1512.3 

-0.10 

50.00 

2322.7 

1512.3 

-0.10 

40.00 

2494.1 

1567.1 

0.05 

30.00 

2664.5 

1619.7 

0.10 

20.00 

2835.0 

1670.8 

0.14 

10.00 

3004.6 

1720.0 

0.09 

0.00 

3173.1 

1767.6 

-0.10 

Max  error  %: 

0.14 

Calculated  pressure: 


Calibration  factor    CF^ 

CK  = 

Temperature  factor    CT  = 


-5.880E-02  psi  /  LU 

-5.971  E-05  psi /Hz* 

-0.01614  psi /'F 


P  (psi)  =  CF  (Li  -  Lo)  -  CT  (Ti  -  To)  -  0.491  (B,  -  Bo) 
P  (psi)  =   CK  (F,^  -  Fo')  -  CT  (T,  -  To)  -  0.491  (B,  -  Bq) 

1-0,  Li  =  Initial  (at  installation)  and  cun-ent  reading,  in  LU 
Fo,  Fi  =  Initial  (at  installation)  and  current  reading,  in  Hz 
To.  Ti  =  Initial  (at  installation)  and  cunrent  temperature,  in  "F 
Bo,  Q\  =  Initial  (at  installation)  and  current  barometric  pressure,  in  inHg 
0.491  =  Constant  for  all  vibrating  wire  sensors,  in  psi  /  inHg 
LU  =  Linear  unit  with  K  =  1.0156,  position  4,  MB-6T  readout 


Traceability  no:      T100B951 
Filename:  052699A.xls 

Calibrated  by:         Dorina  Jugureanu     P\  .  ^ 


Procedure:       PE100DRC 


Date: 


05/26/99 


665,  avfmue  Pine,  Saint-Lambeit  (Qaebec)  Canada  J4F  2F4     TeL :  (450)  465-1113     Fax :  (450)  465-1938 
Gnnrier  electroniqoe :  inf o^ioctesLcom   *   Site  Web :  http: //www.  roctesLcom 
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^ 


Instrumentation 
Geotechnique  et  Structurale 

CALIBRATION  DATA  SHEET 
VIBRATING  WIRE  PRESSURE  TRANSDUCER 


Model: 

PWS 

Serial  number 

100D99175 

Range: 

SOpsi 

Temperature: 

75 'F 

Bammetric  pressure: 

29.53  inHg 

Cable  model: 

IRC-41A 

Cable  length: 

120  ft 

Thennistortype: 

2  kohms 

Color  code:            red  &  bl< 

ick  (coil)    green  &  v 

Calibration  factor:    CF  = 

CK  = 

Temperature  factor    CT  = 


-5.385E-02  psi  /  LU 

-5.469E-05  psi  /  Hz^ 

-0.01690  psi/*F 


Calculated  pressure: 


P  (psi)  =   CF  (L,  - 1^)  -  CT  (T,  -  To)  -  0.491  (B,  -  Bq) 
P  (psi)  =   CK  (F,^  -  Fo^)  -  CT  (T,  -  Tq)  -  0.491  (B,  -  Bq) 

Lo,  Lt  =  Initial  (at  installation)  and  current  reading,  in  LU 
Fo,  F,  =  Initial  (atjnstallation)  and  current  reading,  in  Hz 
To.Ti  =  Initial  (at  installation)  and  cun^nt  temperature,  in  'F 
Bo,  B^  =  Initial  (at  installation)  and  cunent  barometric  pressure,  in  InHg 
0.491  =  Constant  for  all  vibrating  wire  sensors,  in  psi  /  inHg 
LU  =  Linear  unit  witti  K  =  1.0156,  position  4,  MB-6T  readout 


DH-209B 

C 


Applied 

Reading 

Reading 

Full  scale 

pressure 

linear  unit 

frequency 

Error 

psi 

LU 

Hz 

% 

0.00 

3309.5 

1805.2 

-0.12 

10.00 

3124.8 

1754.1 

-0.02 

20.00 

2939.9 

1701.4 

0.07 

30.00 

2754.1 

1646.8 

0.06 

40.00 

2568.0 

1590.1 

0.01 

50.00 

2381.0 

1531.2 

-0.13 

50.00 

2381.1 

1531.2 

-0.11 

40.00 

2568.3 

1590.2 

0.04 

30.00 

2754.7 

1646.9 

0.13 

20.00 

2940.3 

1701.5 

0.12 

10.00 

3125.2 

1754.2 

0.03 

0.00 

3309.8 

1805.3 

-0.09 

Max  enrjr  %: 

0.13 

CI 


Traceability  no:      T100B951 
Filename:  052699Aj(ls 

Calibrated  by:        Dorina  Jugureanu       IS  'J 


Procedure:       PE100DRC 


I      , 


Date: 


05/26/99 


665,  avenue  Pine,  Saint-Lambeif 
Counier  electroniqu 


"      ■  Tel. :  (450)  465-m3     Fax:(450)465-1938 

G4  feb :  http:  //www.  roctest.com 


Instrumentation 
Geotechnique  et  Structurale 

CALIBRATION  DATA  SHEET 
VIBRATING  WIRE  PRESSURE  TRANSDUCER 


Model: 

PWS 

Serial  number 

100D99168 

Range: 

SOpsi 

Temperature: 

75 'F 

Barometric  pressure: 

29.53  inHg 

Cable  model: 

IRC-41A 

Cable  length: 

600  ft 

Thermistor  type: 

2  kohms 

Color  code:            red  &  black  (c 

oil)    green  &  v 

Calibration  factor    CF  = 

CK  = 

Temperature  factor    CT  a 


-5.608E-02  psi  /  LU 

-5.695E-05  psi  /  Hz^ 

-0.01393  psi /'F 


Calculated  pressure: 


P  (psi)  =   CF  (L,  - 1^)  -  CT  (T,  -  To)  -  0.491  (B,  -  Bq) 
P  (psi)  =   CK  (F,^  -  Fo^)  -  CT  (Ti  -  Tq)  -  0.491  (B,  -  Bq) 


DH-310 


Applied 

Reading 

Reading 

Full  scale 

pressure 

linear  unit 

frequency 

Error 

psi 

LU 

Hz 

% 

0.00 

3422.2 

1835.6 

-0.10 

10.00 

3244.4 

1787.3 

-0.04 

20.00 

3066.7 

1737.7 

0.03 

30.00 

2888.8 

1686.5 

0.07 

40.00 

2710.3 

1633.6 

0.05 

50.00 

2530.4 

1578.4 

-0.12 

50.00 

2530.4 

1578.5 

-0.11 

40.00 

2710.4 

1633.6 

0.06 

30.00 

2888.6 

1686.5 

0.06 

20.00 

3067.4 

1737.9 

-      0.11 

10.00 

3245.5 

1787.6 

0.08 

0.00 

3422.3 

1835.7 

-0.09 

Max  en^r  %: 

0.12 

1-0.  Li  =  Initial  (at  Installation)  and  cun^nt  reading,  in  LU 
Fg,  Fi  =  Initial  (atJnstallation)  and  current  reading,  in  Hz 
To,  Ti  =  Initial  (at  installation)  and  current  temperature,  in  "F 
Bq,  Bi  =  Initial  (at  installation)  and  cun^nt  barometric  pressure,  in  inHg 
0.491  =  Constant  for  all  vibrating  wire  sensors,  in  psi  /  inHg 
LU  =  Linear  unit  witti  K  »  1.0156,  position  4,  MB-6T  readout 

Traceability  no:      T100B951 
Filename:  052699Aj(Is 


Procedure:       PE100DRC 


Calibrated  by:         Dorina  Jugureanu 


AO- 


Date: 


05/26/99 


665,  avenue  Pine,  Saint-Lambert 
Courrier  electroniqui 


G5 


eL :  (450)  465-U13    Fax :  (450)  465-1938 
eb :  http:  //www.  rortestcom 


ROCleST 

Instrumentation 

_  Geotechnique  et  Structurale 

CALIBRATION  DATA  SHEET 

VIBRATING  WIRE  PRESSURE  TRANSDUCER 


DH-401 


Model: 

PWS 

Serial  number 

100D99171 

Range: 

SOpsi 

Temperature: 

75 'F 

Barometric  pressure: 

29.53  InHg 

Cable  model: 

IRC-41A 

Cable  length: 

190  ft 

Themiistortype: 

2  kohms 

Color  code:            red  &  blac 

:k  (coil)    green  &  ^ 

Applied 

Reading 

Reading 

Full  scale 

pressure 

linear  unit 

frequency 

Error 

psi 

LU 

Hz 

% 

0.00 

3335.4 

1812.2 

-0.11 

10.00 

3157.1 

1763.1 

-0.03 

20.00 

2979.0 

1712.7 

0.08 

30.00 

2799.7 

1660.3 

0.05 

40.00 

2620.5 

1606.3 

0.03 

50.00 

2440.3 

1550.1 

-0.10 

50.00 

2440.4 

1550.1 

-0.09 

40.00 

2620.1 

1606.2 

-0.01 

30.00 

2799.9 

1660.4 

0.07 

20.00 

2979.3 

1712.8 

0.12 

10.00 

3158.3 

1763.5 

0.11 

0.00 

3335.3 

1812.2 

-0.12 

Max  error  %: 

0.12 

Calibration  fector   CF  = 

CK  = 

Temperature  factor    CT  = 


-5.585E-02  psi  /  LU 

-5.672E-05psi/Hz^ 

-0.01606  psI/'F 


Calculated  pressure: 


P  (psi)  =   CF  (Li  -  U)  -  CT  Ti  -  To)  -  0.491  (B,  -  Bo) 
P  (psi)  =   CK  (F,^  -  Fo^)  -  CT  (T,  -  Tq)  -  0.491  (B,  -  Bq) 

Lo.  L,  =  Initial  (at  installation)  and  cunBnt  reading,  in  LU 
Fq,  F,  =  Initial  (at  iristallation)  and  current  reading,  in  Hz 
To,  Ti  =  Initial  (at  installation)  and  current  temperature,  in  "F 
Bo,  Bi  =  Initial  (at  installation)  and  cunent  barometric  pressure,  in  inHg 
0.491  =  Constant  for  all  vibrating  wire  sensors,  in  psi  /  inHg 
LU  =  Linear  unit  witti  K  =  1.0156,  position  4,  MB-6T  readout 


Traceability  no:      T100B951 
Filename:  052699Aj{Is 

Calibrated  by:         Dorina  Jugureanu         ^  .  ~^ 


(il 


Procedure:        PE100DRC 


Date: 


05/26/99 


665,  avenue  Pine,  Saint-lambert  (( 
Courrier  electronique : 


G6 


•. :  (450)  465-1113     Fax :  (450)  465-1938 
) :  http:  //www.  roctestcom 


ROCleSTM 

Geotechnical  and 
Structural  Instrumentation 

CALIBRATION  DATA  SHEET 
VIBRATING  WIRE  PRESSURE  TRANSDUCER 


DH-402 


Model: 

Serial  number: 
Range: 
Temperature: 
Barometric  pressure: 
Cable  model: 
Cable  length: 
Thermistor  type: 


Color  code:  red  &  black  (coil) 


PWS 
100D99111 

50  PSI 
75.5  "F 
29.59  in.  Hg 
IRC^IA 
265.0  ft 
2  kohms 

green  &  white  (thermistor) 


Applied 

Calculated 

pressure 

Ascending 

Descending 

Average 

pressure 

F.S.  Error 

(psi) 

(L.U.) 

(L.U.) 

(L.U.) 

(psi) 

(%) 

0.00 

2747.1 

2746.5 

2746.8 

0.00 

0.00 

5.00 

2661 .4 

2661.6 

2661.5 

5.00 

0.01 

10.00 

2575.8 

2575.8 

2575.8 

10.01 

-0.02 

15.00 

2490.3 

2490.5 

2490.4 

14.99 

0.02 

20.00 

2404.2 

2404.4 

2404.3 

20.01 

-0.01 

25.00 

2318.4 

2318.6 

2318.5 

25.00 

0.01 

30.00 

2231.9 

2232.5 

2232.2 

30.01 

-0.01 

35.00 

2146.0 

2146.0 

2146.0 

35.00 

0.00 

40.00 

2059.4 

2059.6 

2059.5 

40.00 

0.01 

45.00 

1972.7 

1972.8 

1972.7 

45.01 

-0.01 

50.00 

1885.9 

1886.2 

1886.1 

50.00 

0.01 

M< 

ax.  error  (%): 

0.02 

Calibration  factors: 

Ci  =       5.863E-02  psi  /  L.U. 
C,  =      -6.305E-07  psi  /  L.U.* 


Tk= 


0.00943  psi  /  "F  rise 


Pressure  is  calculated  with  the  following  polynomial  equation: 
P(psi)=  [C,  (U-L,)]  +  [C2(l^-Lin  -  [Tk(To-T,)]  +  [0.491(Bo-Bi)] 

Ci.Cz  =  polynomial  factors 

\-oXy  =  initial  (at  installation)  and  current  readings,  in  LU. 

TqT,  =  initial  (at  installation)  and  current  temperature,  in  "F 

Bo,  B^  =  initial  (at  installation)  and  current  barometric  pressure,  in  inches  of  Hg 

0.491  =  constant  for  all  vibrating  wire  sensors,  in  psi/in.  of  Hg 

LU.=  Linear  Units  (with  K=1.0156) 


NIST  traceability  no  T100B951 
Filename:        030299d  1  .xls 

Calibrated  by; 


Procedure:      cp100bra.doc 
Revision:         1.0 

Date:  ^f-0<^'0  ^ 
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E-mail :  info@roctestcom   *    Web  Site :  http: //www.  roctesLcom 
G7 


I5SS5 


Geoteclmical  and 
Structural  Instrumentation 

CALIBRATION  DATA  SHEET 
VIBRATING  WIRE  PRESSURE  TRANSDUCER 


DH-403 


i 


Model: 

Serial  number 
Range: 
Temperature: 
Barometric  pressure: 
Cable  model: 
Cable  length: 
Thermistor  type: 


Color  code:  red  &  black  (coll) 


PWS 
100D99113 

50  PSI 
75.5  "F 
29.59  in.  Hg 
IRC-41A 
290.0  ft 
2  kohms 

green  &  white  (thermistor) 


Applied 

Calculated 

pressure 

Ascending 

Descending 

Average 

pressure 

F.S.  Error 

(psi) 

(L.U.) 

(L.U.) 

(L.U.) 

(psi) 

(%) 

0.00 

2858.7 

2858.1 

2858.4 

0.00 

0.00 

5.00 

2766.3 

2766.1 

2766.2 

5.00 

-0.01 

10.00 

2674.3 

2674.0 

2674.1 

9.99 

0.02 

15.00 

2581.5 

2581.8 

2581.7 

14.99 

0.01 

20.00 

2489.0 

2489.0 

2489.0 

20.00 

0.01 

25.00 

2396.0 

2396.3 

2396.1 

25.00 

-0.01 

30.00 

2303.2 

2303.5 

2303.3 

30.00 

0.00 

35.00 

2209.9 

2210.2 

2210.0 

35.01 

-0.02 

40.00 

2116.9 

2117.0 

2116.9 

40.00 

-0.01 

45.00 

2023.8 

2023.6 

2023.7 

45.00 

0.01 

50.00 

1930.3 

1930.0 

1930.2 

50.00 

0.01 

M: 

ax.  error  (%): 

0.02 

Calibration  factors: 

C^=        5.431  E-02  psi/ LU. 
C2=      -4.848E-07  psi  /  LU.» 


T.= 


0.00252  psi  /  "F  rise 


Pressure  is  calculated  with  the  following  polynomial  equation: 
P(psi)=  [Ci(Lo-Li)]  +  [C2(U-Li)T  -  [Tk(To-Ti)]  +  [0.491(Bo-B,)] 

Ci,C2  =  polynomial  factors 

L^j.Li  =  initial  (at  installation)  and  current  readings,  in  L.U. 

To  Ti  =  initial  (at  installation)  and  cun^nt  temperature,  in  °F 

Bo,  Bi  =  initial  (at  installation)  and  current  barometric  pressure,  in  inches  of  Hg 

0.491  =  constant  for  all  vibrating  wire  sensors,  in  psi/in.  of  Hg 

L.U.=  Linear  Units  (witti  K=1.0156) 


NIST  traceability  no  T100B951 
Filename:        030299d1.xls 


Calibrated  by: 


Procedure: 
Revision: 


cp100bra.doc 
1.0 


Date:_^^^£^J 


665  Pine  Avenue,  Saint-Lambert  (Quebec)  Canada  J4P  2P4     TeL :  (450)  465-1113     Fax :  (450)  465-1938 
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ROCl€S  I. 

Geotechnical  and 

CALIBRgm6*imtA°feHEET 
VIBRATING  WIRE  PRESSURE  TRANSDUCER 


DH-404 


Mode/: 

Serial  number 
Range: 
Temperature: 
Barometric  pressure: 
Cable  model: 
Cable  length: 
Thermistor  type: 


Color  code:  red  &  black  (coil) 


PWS 
100D99112 

50  PSI 
75.5  °F 
29.59  in.  Hg 
IRC-41A 
300.0  ft 
2  kohms 

green  &  white  (thermistor) 


Applied 

Caiculated 

pressure 

Ascending 

Descending 

Average 

pressure 

F.S.  Error 

(psi) 

(L.U.) 

(L.U.) 

(L.U.) 

(psi) 

(%) 

0.00 

3467.9 

3466.9 

3467.4 

0.00 

0.00 

5.00 

3376.7 

3376.7 

3376.7 

4.97 

0.05 

10.00 

3285.1 

3285.0 

3285.0 

10.00 

0.01 

15.00 

3193.5 

3193.6 

3193.6 

15.00 

0.01 

20.00 

3101.6 

3102.0 

3101.8 

20.01 

-0.01 

25.00 

3009.8 

3010.3 

3010.1 

25.01 

-0.01 

30.00 

2918.2 

2918.5 

2918.3 

30.00 

0.00 

35.00 

2826.1 

2826.2 

2826.2 

35.01 

-0.01 

40.00 

2733.8 

2734.3 

2734.1 

40.00 

0.00 

45.00 

2641.5 

2641.9 

2641.7 

45.00 

0.00 

50.00 

2549.3 

2549.4 

2549.3 

50.00 

0.01 

M 

ax.  error  (%): 

0.05 

Calibration  factors: 

Ci=        5.491  E-02  psi/ L.U. 
C2=      -4.852E-07  psi  /  L.U.» 


Tw= 


■0.00323  psi  /  "F  rise 


Pressure  is  calculated  with  the  following  polynomial  equation: 
P(psi)=  [Ci(U-Li)l  +  [C2(U-Lin  -  [Tk(To-Ti)]  +  [0.491(Bo-Bi)] 

Ci,C2  =  polynomial  factors 

Lo,Li  =  initial  (at  installation)  and  current  readings,  in  L.U. 

To,Ti  =  initial  (at  installation)  and  current  temperature,  in  "F 

Bo,  B,  =  initial  (at  installation)  and  current  barometric  pressure,  in  inches  of  Hg 

0.491  =  constant  for  all  vibrating  wire  sensors,  in  psi/in.  of  Hg 

L.U.=  Linear  Units  (with  K=1.0156) 


NIST  traceability  no  T100B951 
Filename:        030299d1.x 


Calibrated  by; 


Procedure: 
Revision: 


cp100bra.doc 
1.0 


Date:  /f-0'=^'Oi 
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Geotechnical  and 
Structural  Instrumentation 

CALIBRATION  DATA  SHEET 
VIBRATING  WIRE  PRESSURE  TRANSDUCER 


DH-405 


Model: 

Serial  number 
Range: 
Temperature: 
Barometric  pressure: 
Cable  model: 
Cable  length: 
Thermistor  type: 


Color  code:  red&  black  (coll) 


PWS 

100D99116 

50  PSI 
75.5  "F 
29.59  in.  Hg 
IRG41A 
800.0  ft 
2  kohms 

green  &  white  (thermistor) 


Applied 

Calculated 

pressure 

Ascending 

Descending 

Average 

pressure 

F.S.  Error 

(psi) 

(L.U.) 

(L.U.) 

(L.U.) 

(psi) 

(%) 

0.00 

3313.3 

3312.6 

3312.9 

0.00 

0.00 

5.00 

3225.4 

3225.1 

3225.3 

5.00 

0.00 

10.00 

3137.5 

3137.6 

3137.6 

10.00 

0.01 

15.00 

3049.3 

3049.6 

3049.4 

15.00 

-0.01 

20.00 

2961.2 

2961.2 

2961.2 

20.01 

-0.03 

25.00 

2873.3 

2873.5 

2873.4 

24.99 

0.02 

30.00 

2784.7 

2784.9 

2784.8 

30.00 

0.00 

35.00 

2696.1 

2696.5 

2696.3 

35.00 

0.00 

40.00 

2608.0 

2607.7 

2607.8 

39.99 

0.02 

45.00 

2518.8 

2.518.9 

2518.8 

45.00 

0.00 

50.00 

2429.7 

2429.9 

2429.8 

50.00 

-0.01 

M: 

ax.  error  (%): 

0.03 

Calibration  factors: 

C,  =        5.708E-02  psi  /  L.U. 
Cjs      -5.208E-07  psi  /  L.U.* 


Tk= 


-0.00300  psi  /  "F  rise 


Pressure  is  calculated  with  the  following  polynomial  equation: 
P(psi)=  [Ci(1h,-Li)]  +  [C2(Lo-L,)T  -  [Tk(To-T,)]  +  [0.491(Bo-Bi)] 

Ci.Ca  =  polynomial  factors 

Lq.L,  =  initial  (at  installation)  and  current  readings,  in  L.U. 

To.T,  =  initial  (at  installation)  and  current  temperature,  in  "F 

Bq  Bi  =  initial  (at  installation)  and  current  barometric  pressure,  in  inches  of  Hg 

0.491  =  constant  for  all  vibrating  wire  sensors,  in  psi/in.  of  Hg 

L.U.=  Linear  Units  (with  K=1.0156) 


NIST  traceability  no  T100B951 
Filename:        030299d  1  .xls 


Calibrated 


Procedure:      cp100bra.doc 
Revision:         1 .0 


Date 


.rr'0<r-oK 
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DH-406A 


Geotechnical  and 
Structural  Instrumentation 

CALIBRATION  DATA  SHEET 
VIBRATING  WIRE  PRESSURE  TRANSDUCER 


Model: 

Serial  number 
Range: 
Temperature: 
Barometric  pressure: 
Cable  model: 
Cable  length: 
Thermistor  type: 


Color  code:  red  &  black  (coil) 


PWS 
100D99114 

50  PSI 
75.5  "F 
29.59  in.  Hg 
IRC-41A 
820.0  ft 
2  kohms 

green  &  white  (thermistor) 


Applied 

Calculated 

pressure 

Ascending 

Descending 

Average 

pressure 

F.S.  Error 

(psi) 

(L.U.) 

(L.U.) 

(L.U.) 

(psi) 

(%) 

0.00 

2876.3 

2875.5 

2875.9 

0.00 

0.00 

5.00 

2787.2 

2786.7 

2787.0 

5.00 

0.00 

10.00 

2697.8 

2697.7 

2697.7 

10.00 

0.00 

15.00 

2608.6 

2608.9 

2608.7 

14.98 

0.04 

20.00 

2518.8 

2518.9 

2518.9 

20.00 

0.00 

25.00 

2429.1 

2429.1 

2429.1 

25.00 

-0.01 

30.00 

2339.2 

2339.3 

2339.2 

30.00 

0.00 

35.00 

2248.8 

2248.9 

2248.9 

35.01 

-0.03 

40.00 

2158.8 

2158.8 

2158.8 

40.00 

0.00 

45.00 

2068.3 

2068.4 

2068.3 

45.00 

0.00 

50.00 

1977.7 

1977.8 

1977.8 

49.99 

0.01 

M 

ax.  error  (%): 

0.04 

Calibration  factors: 

Ci  =        5.625E-02  psi  /  L.U. 
C2=      -6.4a8E-07  psi  /  L.U.» 


T.= 


0.00660  psi  /  °F  rise 


Pressure  is  calculated  with  the  following  polynomial  equation: 
P(psi)=  [Ci{Lh3-Li)]  +  [C2(Lo-Li)T  -  [T<(To-Ti)]  +  [0.491(Bo-Bi)] 

Ci,C2  =  polynomial  factors 

Lo,Li  =  Initial  (at  installation)  and  current  readings,  in  L.U. 

TqTi  =  initial  (at  installation)  and  current  temperature,  in  "F 

Bo,  Bi  =  initial  (at  installation)  and  current  barometric  pressure,  in  inches  of  Hg 

0.491  =  constant  for  all  vibrating  wire  sensors,  in  psi/in.  of  Hg 

L.U.=  Linear  Units  (with  K=1.0156) 


NiST  traceability  no  T100B951 
Filename:        030299d1.xls 

Calibrated  by:    <1 


Procedure: 
Revision: 


cp100bra.doc 
1.0 


Date:  ^?-0^-0}i 
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DH-406B 


Geotechnical  and 
Structxual  Instrumentation 

CALIBRATION  DATA  SHEET 
VIBRATING  WIRE  PRESSURE  TRANSDUCER 


Model: 

Serial  number 
Range: 
Temperature: 
Barometric  pressure: 
Cable  model: 
Cable  length: 
Thermistor  type: 


Color  code:  red  &  black  (coll) 


PWS 
100D99115 

50  PSI 
75.5  'F 
29.59  in.  Hg 
IRCM1A 
790.0  ft 
2  kohms 

green  i  white  (thermistor) 


Applied 

Calculated 

pressure 

Ascending 

Descending 

Average 

pressure 

F.S.  Error 

(psi) 

(L.U.) 

(L.U.) 

(L.U.) 

(psi) 

(%) 

0.00 

3232.3 

3231.5 

3231.9 

0.00 

0.00 

5.00 

3138.4 

3138.2 

3138.3 

5.01 

-0.02 

10.00 

3044.3 

3044.8 

3044.6 

10.02 

-0.03 

15.00 

2951.1 

2951.1 

2951.1 

15.00 

-0.01 

20.00 

2857.1 

2857.2 

2857.1 

20.01 

-0.02 

25.00 

2763.3 

2763.4 

2763.4 

25.00 

0.01 

30.00 

2669.5 

2669.4 

2669.5 

29.98 

0.03 

35.00 

2574.8 

2575.2 

2575.0 

35.00 

0.01 

40.00 

2480.5 

2480.7 

2480.6 

39.99 

0.01 

45.00 

2385.6 

2385.9 

2385.7 

45.01 

-0.02 

50.00 

2291.2 

2291.2 

2291.2 

50.00 

0.00 

iVIs 

ix.  error  (%): 

0.03 

Calibration  factors: 

Ci  =       5.354E-02  psi  /  L.U. 
C2=      -4.136E-07  psi/L.U.» 


Tk= 


0.00116  psi /°F  rise 


Pressure  is  calculated  with  the  following  polynomial  equation: 

P  (psi)  =  [Ci  (Lo  -  L,)]  +  [Cj  (Lo  -  Li)T  -  [7^  (To  -  T,)]  +  [0.491  (Bq  -  B,)] 

Ci.Cj  =  polynomial  factors 

l-o,Li  =  initial  (at  installation)  and  current  readings,  in  L.U. 

To  Ti  =  initial  (at  installation)  and  current  temperature,  in  "F 

Bq  Bi  =  initial  (at  installation)  and  current  barometric  pressure,  in  inches  of  Hg 

0.491  =  constant  for  all  vibrating  wire  sensors,  in  psi/in.  of  Hg 

L.U.=  Linear  Units  (with  K=1.0156) 
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ROCleST 

Instrumentation 

Geotechnique  et  Structurale _^ 

CALIBRATION  DATA  SHEET 
VIBRATING  WIRE  PRESSURE  TRANSDUCER 


DH-407 


Mode/; 

PWS 

Serial  number 

100D99165 

Range: 

SOpsi 

Temperature: 

75 'F 

Barometric  pressure: 

29.53  InHg 

Cable  model: 

IRC-41A 

Cable  length: 

760  ft 

Thermistor  type: 

2  kohms 

Color  code:            red  &  black 

(coil)    green  &  \ 

Applied 

Reading 

Reading 

Full  scale 

pressure 

linear  unit 

frequency 

Error 

psi 

LU 

Hz 

% 

0.00 

3370.5 

1821.7 

-0.10 

10.00 

3199.0 

1774.8 

0.01 

20.00 

3026.8 

1726.4 

0.05 

30.00 

2854.4 

1676.5 

0.05 

40.00 

2682.2 

1625.1 

0.09 

50.00 

2508.2 

1571.5 

-0.09 

50.00 

2508.3 

1571.5 

-0.08 

40.00 

2681.3 

1624.9 

-0.01 

30.00 

2854.3 

1676.4 

0.04 

20.00 

3026.9 

1726.4 

0.06 

10.00 

3199.0 

1774.8 

0.01 

0.00 

3371.0 

1821.9 

-0.04 

Max  emsr  %: 

0.10 

Calculated  pressure: 


Calibration  factor   CF  = 

CK  = 

Temperature  factor    CT  = 


•5.798E-02  psi  /  LU 

-5.888E-05  psi  /  Hz^ 

■0.01364  psi /*F 


P  (psi)  =  CF  (L,  -  Lo)  -  CT  (T,  -  Tq)  -  0.491  (B,  -  Bq) 
P  (psi)  =   CK  (F,^  -  Fo^)  -  CT  (T,  -  To)  -  0.491  (B,  -  Bq) 

Lq,  Li  =  Initial  (at  Installation)  and  cunent  reading,  in  LU 
Fo,  F^  =  Initial  (at  Installation)  and  cun-ent  reading,  in  Hz 
To.  T,  =  Initial  (at  installation)  and  cuaent  temperature,  in  "F 
Bo,  B^  =  Initial  (at  installation)  and  cun^nt  barometric  pressure,  in  inHg 
0.491  =  Constant  for  all  vibrating  wire  sensors,  in  psi  /  inHg 
LU  =  Linear  unit  with  K  =  1.0156,  position  4,  MB-6T  readout 
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ROCleST 

Instrumentation 

Ge'otechnique  et  Structurale 

CALIBRATION  DATA  SHEET 

VIBRATING  WIRE  PRESSURE  TRANSDUCER 


DH-408 


r 


■I 


Model: 

PWS 

Serial  number 

100D99166 

Range: 

SOpsi 

Temperature: 

75 'F 

Barometric  pressure: 

29.53  inHg 

Cable  model: 

IRC-41A 

Cable  length: 

670  ft 

Thermistor  type: 

2  kohms 

Color  code:  red  &  black  (coil)    green  &  white  (thermistor) 


Applied 

Reading 

Reading 

Full  scale 

pressure 

linear  unit 

frequency 

Error 

psi 

LU 

Hz 

% 

0.00 

3344.9 

1814.8 

-0.11 

10.00 

3177.2 

1768.7 

-0.02 

20.00 

3009.9 

1721.5 

0.12 

30.00 

2841.0 

1672.5 

0.07 

40.00 

2672.6 

1622.2 

0.07 

50.00 

2502.5 

1569.7 

-0.13 

50.00 

2502.5 

1569.7 

-0.13 

40.00 

2672.5 

1622.2 

0.05 

30.00 

2841.1 

1672.6 

0.07 

20.00 

3009.6 

1721.5 

-      0.08 

10.00 

3177,5 

1768.8 

0.01 

0.00 

3345.1 

1814.9 

-0.09 

Max  emar  %: 

0.13 

Calculated  pressure: 


Calibration  fector    CF  = 

CK  = 

Temperature  factor    CT  » 


-5.936E-02  psi  /  LU 

-6.029E-05  psi  /  Hz* 

-0.01280  psi/'F 


P  (psi)  =   CF  (L,  -  Lo)  -  CT  (T,  -  Tq)  -  0.491  (B,  -  Bo) 
P  (psi)  =  CK  (F,^  -  Fo^)  -  CT  (T,  -  Tq)  -  0.491  (B,  -  Bq) 

Lo.  L,  =  Initial  (at  installation)  and  cun-ent  reading,  in  LU 
Fo,  F,  =  Initial  (at  installation)  and  current  reading,  in  Hz 
To.  T,  =  Initial  (at  installation)  and  current  temperature,  in  'F 
Bo,  Bi  =  Initial  (at  Installation)  and  cuTent  barometiic  pressure,  in  inHg 
0.491  =  Constant  for  all  vibrating  wire  sensors,  in  psi  /  inHg 
LU  =  Linear  unit  witii  K  =  1.0156.  position  4,  MB-6T  readout 
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ROCleST 

Instrumentation 

Geotechnique  et  Structurale 

CALIBRATION  DATA  SHEET 

VIBRATING  WIRE  PRESSURE  TRANSDUCER 


DH-409 


Model: 

PWS 

Serial  number 

100D99167 

Range: 

SOpsi 

Temperature: 

75 'F 

Barometric  pressure: 

29.53  inHg 

Cable  model: 

IRC-41A 

Cable  length: 

710  ft 

Thermistor  type: 

2  kohms 

Color  code: 

red  &  black 

(coil)    green  &v 

Applied 

Reading 

Reading 

Full  scale 

pressure 

linear  unit 

frequency 

Error 

psi 

LU 

Hz 

% 

0.00 

3495.5 

1855.2 

-0.13 

10.00 

3326.5 

1809.8 

-0.01 

20.00 

3157.0 

1763.1 

0.05 

30.00 

2987.3 

1715.1 

0.10 

40.00 

2816.6 

1665.3 

0.01 

50.00 

2645.3 

1613.9 

-0.13 

50.00 

2645.4 

1613.9 

-0.12 

40.00 

2816.7 

1665.4 

0.02 

30.00 

2987.9 

1715.2 

0.16 

20.00 

3157.5 

1763.2 

0.12 

10.00 

3327.0 

1809.9 

0.05 

0.00 

3495.6 

1855.2 

-0.11 

Max  enx)r  %: 

0.16 

Calibration  factor.    CF  = 

CK  = 

Temperature  factor    CT  = 


-5.881  E-02  psi /LU 

-5.973E-05  psi  /  Hz' 

•0.01615  psi/'F 


Calculated  pressure: 


P  (psi)  =   CF  (L,  -  U)  -  CT  (T,  -  To)  -  0.491  (B,  -  Bq) 
P  (psi)  =  CK  (F,^  -  Fo^)  -  CT  (T,  -  Tq)  -  0.491  (B,  -  Bq) 

Lq,  L^  =  Initial  (at  installation)  and  cun-ent  reading,  in  LU 
Fo,  F^  =  Initial  (at  installation)  and  cunent  reading,  in  Hz 
TqTi  =  Initial  (at  installation)  and  cun-ent  temperature,  in  'F 
Bo,  Bi  =  Initial  (at  installation)  and  current  barometric  pressure,  in  inhg 
0.491  =  Constant  for  all  vibrating  wire  sensors,  in  psi  /  inHg 
LU  =  Linear  unit  with  K  =  1 .0156,  position  4,  MB-6T  readout 
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Instrumentation 
Geotechnique  et  Structuiale 


(jeotecnnique  et  structuiaie 
CALIBRATION  DATA  SHEET 

VIBRATING  WIRE  PRESSURE  TRANSDUCER 


DH-412C 


Model: 

PWS 

Serial  number 

100D99172 

Range: 

SO  psi 

Temperature: 

75 'F 

Barometric  pressure: 

29.53  InHg 

Cable  model: 

IRC-41A 

Cable  length: 

160  ft 

Thenmistor  type: 

2  l(ohms 

Color  code:           red  &  blacK  (coil)    green  &  white  (thermistor) 

Applied                Reading 

Reading               Full  scale 

pressure              linear  unit 

frequency                  Error 

psi                         LU 

Hz                          % 

0.00 

3256.2 

1790.6 

-0.01 

10.00 

3074.0 

1739.8 

-0.05 

20.00 

2892.4 

1687.6 

-0.01 

30.00 

2710.4 

1633.6 

-0.04 

40.00 

2528.7 

1577.9 

-0.02 

50.00 

2347.0 

1520.2 

0.01 

50.00 

2347.0 

1520.2 

0.00 

40.00 

2528.9 

1578.0 

0.01 

30.00 

2710.9 

1633.8 

0.03 

20.00 

2892.9 

1687.7 

0.04 

10.00 

3074.5 

1739.9 

0.01 

0.00 

3256.5 

1790.7 

0.03 

Max  error  %:             0.05           | 

Calibration  factor    CF^ 

-5.499E-02  psi  /  LU 

CK  = 

-5.S85E-05  psi  /  Hz^ 

Temperature  factor    CT  = 

-0.00180  psi /"F 

Calculated  pressur 

b: 

m 


P  (psi)  =   CF  (L,  -  Lo)  -  CT  (T,  -  To)  -  0.491  (B,  -  Bq) 
P  (psi)  =   CK  (F,^  -  Fo^)  -  CT  (T,  -  Tq)  -  0.491  (B,  -  Bq) 

Lo.  L,  =  Initial  (at  installation)  and  current  reading,  in  LU 
Fo,  F,  =  Initial  (at  installation)  and  current  reading,  in  Hz 
To,T,  =  Initial  (at  installation)  and  cunent  temperature,  in  "F 
Bo.  Bi  =  Initial  (at  installation)  and  cun-ent  baromebic  pressure,  in  inHg 
0.491  =  Constant  for  all  vibrating  wire  sensors,  in  psi  /  inHg 
LU  =  Linear  unit  with  K  =  1.0156,  position  4,  MB-6T  readout 
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ROCleST 


Instrumentation 
Ge'otechnique  et  Structurale 

CALIBRATION  DATA  SHEET 
VIBRATING  WIRE  PRESSURE  TRANSDUCER 


Model: 

PWS 

Serial  number 

100D99174 

Range: 

SOpsI 

Temperature: 

75 'F 

Barometric  pressure: 

29.53  InHg 

Cable  model: 

IRC^IA 

Cable  length: 

150  ft 

Thermistor  type: 

2  kohms 

Color  code:           red  &  black  (coil)    green  &  \ 

Calibration  factor.    CF  = 

CK  = 

Temperature  factor    CT  - 


•5.891  E-02  psi/LU 

•5.983E-05  psi  /  Hz^ 

-0.02079  psi  /  'F 


Calculated  pressure: 


P  (psi)  =  CF  (L,  - 1^)  -  CT  (T,  -  To)  -  0.491  (B,  -  Bq) 
P  (psi)  =  CK  (F,^  -  Fo^)  -  CT  (T,  -  Tq)  -  0.491  (B,  -  Bq) 


DH-412A 


Applied 

Reading 

Reading 

Full  scale 

pressure 

linear  unit 

frequency 

Error 

psi 

LU 

Hz 

% 

0.00 

3337.4 

1812.8 

-0.10 

10.00 

3168.3 

1766.2 

-0.03 

20.00 

2999.4 

1718.5 

0.07 

30.00 

2829.5 

1669.1 

0.06 

40.00 

2659.5 

1618.2 

0.02 

50.00 

2488.6 

1565.4 

-0.11 

50.00 

2488.6 

1565.4 

-0.11 

40.00 

2659.7 

1618.3 

0.05 

30.00 

2829.8 

1669.2 

0.09 

20.00 

2999.9 

1718.7 

.    0.13 

10.00 

3168.7 

1766.3 

0.02 

0.00 

3337.6 

1812.8 

-0.08 

Max  error  %; 

0.13 

Lq,  L,  =  Initial  (at  installation)  and  cun^nt  reading,  in  LU 
Fo,  F,  =  Initial  (at  Installation)  and  cun-ent  reading,  in  Hz 
To.  Ti  =  Initial  (at  installation)  and  current  temperature,  in  °F 
Bo,  Bi  =  Initial  (at  installation)  and  cun-ent  barometric  pressure.  In  inHg 
0.491  =  Constant  for  all  vibrating  wire  sensors,  in  psi  /  inHg 
LU  =  Linear  unit  with  K  =  1 .0156.  position  4,  MB-6T  readout 
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Instnunentadon 

Geotechnique  et  Structurale 

CALIBRATION  DATA  SHEET 

VIBRATING  WIRE  PRESSURE  TRANSDUCER 


Model: 

PWS 

Serial  number 

100D99170 

Range: 

SOpsi 

Temperature: 

75 'F 

Barometric  pressure: 

29.53  inHg 

Cable  model: 

IRC-41A 

Cable  length: 

190  ft 

Ttiemiistortype: 

2  kohms 

Color  code:           red  &  bla 

ck  (coil) .  green  &  v 

DH-412B 


Applied 

Reading 

Reading 

Full  scale 

pressure 

linear  unit 

frequency 

Error 

psi 

LU 

Hz 

% 

0.00 

3329.7 

1810.7 

-0.12 

10.00 

3152.4 

1761.8 

-0.01 

20.00 

2974.5 

1711.4 

0.03 

30.00 

2796.6 

1659.4 

0.07 

40.00 

2617.9 

1605.5 

0.01 

50.00 

2438.5 

1549.5 

-0.12 

50.00 

2438.8 

1549.6 

-0.09 

40.00 

2618.3 

1605.6 

0.06 

30.00 

2796.9 

1659.5 

0.09 

20.00 

2974.9 

1711.5 

0.07 

10.00 

3153.2 

1762.0 

0.08 

0.00 

3330.1 

1810.8 

-0.07 

Max  error  %: 

0.12 

Calibration  factor    CF  = 

CK» 

ure  factor:   CT  = 


-5.611E-02  psi/LU 

-5.698E-05  psi  /  Hz^ 

-0.01632  psi/'F 


Calculated  pressure: 


P  (psi)  =   CF  (L,  -  Lo)  -  CT  (T,  -  Tq)  -  0.491  (B,  -  Bq) 
P  (psi)  =   CK  (F,^  -  Fo^)  -  CT  (T,  -  Tq)  -  0.491  (B,  -  Bq) 

Lo,  Li  =  Initial  (at  installation)  and  cun-ent  reading,  in  LU 
Fo,  F,  =  Initial  (at  installation)  and  current  reading,  in  Hz 
To,  Ti  =  Initial  (at  installation)  and  current  temperature,  in  'F 
Bo,  B,  =  initial  (at  installation)  and  current  barometric  pressure,  in  inHg 
0.491  =  Constant  for  all  vibrating  wire  sensors,  in  psi  /  inHg 
LU  =  Linear  unit  with  K  =  1.0156,  position  4,  MB-6T  readout 


Traceability  no:       T100B951 
Filename:  052699A.xls     . 

Calibrated  by:         Dorina  Jugureanu 


Procedure:        PE100DRC 


.mi— 


K 


Date: 


05/26/99 


665,  avenue  Pine,  Saint-Lambert 
Courrier  electroniqut 


G18 


^el :  (450)  465-m3     Fax :  (450)  465-1938 
eb :  http:  //www.  roctest.com 


^ 


1 


ROCleST 

Instrumentation 
Geotechnique  et  Structurale 

calibratic3n  data  sheet 

VIBRATING  WIRE  PRESSURE  TRANSDUCER 


DH-413 


Model: 

PWS 

Serial  number 

100D99169 

Range: 

SOpsi 

Temperature: 

75 'F 

Barometric  pressure: 

29.53  inHg 

Cable  model: 

IRC-41A 

Cable  length: 

400  ft 

Thermistor  type: 

2  kohms 

Color  code:            red  &  bii 

ick  (coil)    green  &  \ 

Applied 

Reading 

Reading 

Full  scale 

pressure 

linear  unit 

frequency 

Error 

psi 

LU 

Hz 

% 

0.00 

3281.2 

1797.4 

-0.16 

10.00 

3111.3 

1750.3 

-0.02 

20.00 

2941.1 

1701.7 

0.09 

30.00 

2770.0 

1651.5 

0.09 

40.00 

2598.4 

1599.5 

0.02 

50.00 

2426.0 

1545.6 

-0.12 

50.00 

2426.0 

1545.5 

-0.13 

40.00 

2598.5 

1599.6 

0.04 

30.00 

2770.2 

1651.6 

0.11 

20.00 

2941.4 

1701.8 

0.12 

10.00 

3111.7 

1750.4 

0.03 

0.00 

3282.1 

1797.7 

-0.06 

Max  error  %: 

0.16 

Calculated  pressure: 


Calibration  factor    CF  = 

CK  = 

Temperature  factor    CT  - 


-5.844E-02  psi  /  LU 

-5.93SE-05  psi  /  Hz' 

-0.01776  psi  /  'F 


P  (psi)  =  CF  (L,  - 1^,)  -  CT  (T,  -  To)  -  0.491  (B,  -  Bq) 
P  (psi)  =  CK  (F,^  -  Fo^)  -  CT  (Ti  -  Tq)  -  0.491  (B,  -  Bq) 

Lo.  Li  =  Initial  (at  Installation)  and  cunent  reading,  in  LU 
Fq,  F,  =  Initial  (at  installation)  and  current  reading,  in  Hz 

TqIi  =  Initial  (at  installation)  and  current  temperature,  in  "F 
Bo,  B^  =  Initial  (at  installation)  and  cunent  barometric  pressure,  in  inHg 
0.491  =  Constant  for  all  vibrating  wire  sensors,  in  psi  /  inHg 
LU  =  Linear  unit  with  K  =  1.0156,  position  4,  MB-6T  readout 


Traceability  no:       T100B951 
Filename:  052699Aj{ls 

Calibrated  by:        Dorina  Jugureanu        ^  •  7 


Procedure:       PE100DRC 


Date: 


05/26/99 


665,  avenue  Pine,  Saint-Lambert  (( 
Courrier  electronique : 
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Company  maiws  no  warranty  as  to  the  infbnnation  fumisiwd  in  IHs  manual  and  assumes  no  Hatiiiity  for  damages  result 
from  Ihe  use  thereof.  The  Information  itersln  is  subject  to  change  without  notiiication. 
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1    PRODUCT 

The  IRAD  GAGE  PW  vibrating  wire  piezometer  Is  a  stable,  robust  pressure  transducer, 
designed  to  allow  remote  measurements  of  piezometric  level  and  pore  pressure  over  long 
periods  of  time.  The  output  is  a  frequency  signal,  unaffected  by  line  impedance  and 
contact  resistance,  allowing  transmission  over  very  long  distances.  It  can  be  installed  in 
boreholes  (model  PWS),  driven  into  soft  ground  (model  PWP),  laid  in  trenches  prior  to  fill 
replacement,  or  buried  in  concrete  (models  PWS  and  PWF).  It  can  also  be  threaded  to 
hydraulic  or  pneumatic  lines  (model  PWC). 

The  standard  integral  thermistor  measures  the  temperature  of  the  gage  and  Its 
sunt)undings. 

Each  gage  is  delivered  with  a  Calibration  Data  Sheet,  which  includes  a  Calibration  Factor 
and  a  Temperature  Connection  Factor.  These  factors  are  detemiined  tiirough  factory 
calibration. 

A  portable  readout  unit,  such  as  ttie  MB-6T/6TL,  displays  tiie  period  of  ttie  vibrating  wire, 
>  or  a  linearized  value  proportional  to  the  pressure.  Additionally,  the  readout  unit  will  display 

the  gage  temperature  directiy  in  degrees  Fahrenheit,  or  Celsius. 

I  Complete  data  logging  systems  are  available,  please  consult  the  Company  for  details. 

si 

1.1     GAGE  CONSTRUCTION 

■} 

y  The  PW  piezometer  is  a  vibrating  wire  diaphragm  pressure  sensor.  The  sensing  element 

is  fonmed  by  welding  a  flexible  diaphragm  to  a  rigid  cylindrical  body.  All  parts  of  ttie  sensor 
-\  other  tiian  the  wire  are  machined  from  a  high-grade  stainless  steel,  selected  for  its  low 

i  1  yield  and  high  corrosion  resistance.  A  high  strength  steel  wire  is  clamped  to  the  center  of 

tiie  diaphragm,  runs  through  the  sensor,  and  is  clamped  to  the  back  end  block.  The  wire  is 
damped  to  ttie  diaphragm  and  end  block  by  hydraulic  swaging,  which  virbjally  welds  ttie 
parts  together,  wittiout  affecting  ttie  elastic  properties  of  tiie  wire.  The  wire  is  set  to  a 
pre-detenmined  tension  during  manufacture,  then  evacuated  and  sealed  witfi  electron 
Ijeam  welding  to  ensure  a  tong  gage  life.  A  coil/magnet  assembly  is  used  in  conjunction 
witti  ttie  MB-6T/6TL  readout  to  excite  ttie  wire  and  measure  ttie  wire's  vibration  period. 

Transducer  is  perfectiy  sealed  ttianks  to  watertight  connector,  potting,  watertight  feed 
through  header,  and  o-rings  (see  Figure  1). 

In  use,  pressure  applied  to  the  diaphragm  causes  it  to  deflect  This  changes  ttie  wire 
tension  and  resonant  frequency  of  ttie  wire.  TTie  MB-6T/6TL  readout  accurately  measures 
the  period  of  ttie  resonant  frequency  and  displays  eittier  the  period  of  wire  vibration  or  a 
linear  function  of  the  period  (fi-equency  squared).  The  use  of  an  equation  witti  a  gage 
factor  for  ttie  piezometer  enables  ttie  user  to  calculate  pressure  from  the  displayed 
readings. 
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1 .1 .1     Models  PWS  and  PWC 

The  model  PWS  piezometer  is  designed  to  be  emliedded  in  earth  fills  and  concrete,  or 
inserted  into  boreholes  and  pipes  as  small  as  19  mm  (3/4").  It  consists  of  a  small  diameter 
cylindrical  housing  containing  a  pressure  transducer  and  thermistor  (see  Rgure  1).  One 
end  is  fitted  with  an  insert  that  holds  a  micrometric  high  air  or  low  air  entry  filter.  The 
opposite  end  contains  the  cable  entry,  sealed  with  an  epoxy  compound.  All  parts  are 
made  of  stainless  steel. 

The  filter  is  set  In  the  front  end  of  the  housing  and  sealed  with  an  o-ring.  With  the  filter  in 
place,  the  diaphragm  is  protected  from  solid  particles,  and  senses  only  the  fluid  pressure 
to  be  measured.  The  filter  housing  easily  rerrxjvable  for  calibration  and  saturation  can  also 
be  replaced  with  a  pipe  thread  adapter  to  use  the  gage  as  a  pressure  transducer.  (Model 
PWC). 


0 


ELECmCAL  CM8t£ 


(I'll 


WAIERTKHT 
FEED  THROUCH  HEADER 


PRESSURE 
TRAHSOUCER 


Figure  1 :    PWS  Pressure  Transducer 


1.1^    Model  PWP 


The  model  PWP  piezometer  is  designed  to  be  driven  into  unconsolidated  fine  grain 
materials  such  as  sand,  silt,  or  day.  The  extemal  housing  is  a  thick  walled  cylinder  fitted 
with  a  pointed  shoe  at  one  end,  and  a  male  thread  adapter  at  the  cable  entry,  fitting  "EW" 
standard  drill  rods.  Four  port  holes  above  the  point  hold  micrometric  filters.  The  cable 
passes  through  the  threaded  end,  and  can  be  fed  through  push  rods  leading  to  the 
surface.  The  cable  entry  is  sealed  with  an  epoxy  compound.  Both  high  and  low  air  entry 
filters  are  available. 

1.1.3    Model  PWF 

The  model  PWF  piezometer  is  a  thick  wall  version  of  the  PWS  piezometer. 
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1.2    VIBRATING  WIRE  PRINCIPLE 


The  sensing  element  of  the  piezometer  is  a  piano  wire  attached  to  a  diaphragm,  exdted  by 
two  coil/magnets  set  around  the  coil  chamber.  Pressure  on  the  diaphragm  changes  the 
tension  on  the  wire.  The  tension  is  directly  proportional  to  the  resonant,  or  natural 
frequency  of  the  wire. 

The  MB-6T/6TL  readout  unit  generates  plucking  voltages  in  the  coil/magnet  in  a  spectrum 
of  frequencies,  spanning  the  natural  frequency  of  the  wire,  thus  forcing  the  wire  Into 
vibration.  In  turn,  the  oscillation  of  the  wire  generates  AC  voltage  in  the  coil.  This  signal  is 
amplified  by  the  readout  unit,  which  also  discriminates  against  hamnonic  flrequencies,  to 
detemnine  the  resonant  frequency  of  the  wire.  The  MB-6T/6TL  times  100  cycles  of 
vibration  with  a  precise  quartz  osdilator,  and  displays  either  the  period  (inverse  of 
frequency),  or  a  value  proportional  to  the  firequency  squared. 

The  relationship  t>etween  the  period  (N)  and  the  strain  (e)  in  the  vibrating  wire  is  expressed 
by  the  following  equation: 


8  =  Kx10* 

12 


N^ 


(1) 


Where:       8    =    jistrain 

N    =    period  of  vibration  in  microseconds 

K    =    1.0156  for  piezometers 

The  vibrating  wire  technology  offers  the  unique  advantage  of  a  finequency  output  signal 
virtually  unaffected  by  line  impedance,  or  contact  resistance.  Cable  lengths  of  up  to  one 
mile  (1 .6  km)  can  be  used  without  signal  deterioration. 

1.3    CALIBRATION 

All  PW  vibrating  wire  piezometers  are  individually  calibrated  before  shipment  Each 
piezometer  is  calibrated  over  its  working  pressure  range.  The  calibration  factor  is 
established  by  running  ttie  calibration  data  points  through  a  linear  regression  formula. 
They  are  also  tested  at  150%  of  tine  woridng  range,  and  for  a  temperature  range  from  2°C 
to43°C(36°Fto110°F). 
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A  Calibration  Data  Sheet  supplied  with  eadi  gage,  lists  the  following: 
Serial  Number 

Working  pressure  (in  kPa  or  psi) 
Calibration  Factor  (NIST  traceable) 
Temperature  at  time  of  factory  calibration 
Barometiic  pressure  at  time  of  factory  calibration 
Electrical  cable  type  and  length. 

1.4    SPECIFICATIONS 


PERFORMANCE 

Models: 

PWS,  PWP,  PWC,  PWF 

Measuring  range: 

200,  350,  500.  750, 1000, 1500,  2000, 
3000. 5000, 7000  kPa  <'' 

25,  50, 75, 100, 150. 250,  300,  500, 750, 
1000  psi  ^'^ 

Resoiution  with  MB-6T/6TL  readout 

0.01%  Full  Scale 

Accuracy: 

0.5%  Full  Scale^^ 

Maximum  overioad: 

2  X  measuring  range 

Diaphragm  displacement: 

0.001  cm'  (6x10-^  inl)  at  full  scale 

'^^         other  ranges  available  upon  request 

^^         0.25%  and  0. 1  %  FS  linearity  available  upon  request 
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CONSTRUCTION 

Model: 

PWS 

PWP 

PWC 

PWF 

Housing: 

Miniature 

Push-in 

point  witti 

EW 

thread 

Threaded 

Thick  wall 

Material: 

Stainless  steel 

Outside  diameter  in  mm  0"-): 

19 
(0.75) 

33 
(1.31) 

19 
(0.75) 

28 
(1.10) 

Lengtii  in  cm  (in.): 

20 
(7.75) 

26 
(10.25) 

21.3 
(8.25) 

22.5 
(8.25) 

Fitters: 

50  micron  low  air  entry  sintered 

stainless  steel  filters(standard) 

or 

1.6  micron  highi  air  entry 
ceramic  filters  (optional) 

THERMISTOR  AND  ELECTRICAL  CABLE                                                                        | 

Measuring  range: 

-40to65°C(-40to+150°l^ 

Accuracy: 

±  0.5°C  (±  0.9T) 

Thermistor  thermal  constant: 

1  minTC  (2  mln/°F) 

Electrical  cable: 

.  IRC-41A:  2  twisted  pairs,  AWG  22,  6.2  mm  OD, 
shielded,  with  drain  wire  (standard). 

.  CP-455S:  2  twisted  shielded  pairs  with  central 
Kevlar  annor,  20  AWG  (optional  with  the  PWF). 

.  1PBQFA:  2  twisted  shielded  pairs  with  steel 
jacket,  12  mm  OD  (optkxial  with  the  PWF). 

Wiring  code: 

See  Calibration  Data  Sheet 
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I 
CALIBRATION  AND  IDENTIFICATION  (     'j 

Labeled  on  housing:  -  Serial  number,  and  range  in  psi  or  IcPa 

Calibration  chart  -  Calibration  factor  (NIST  traceable) 

-  Temperature  correction  factor 

-  Barometric  pressure  at  time  of  factory  calibration  , 

-  Temperature  at  time  of  factory  calibration 

.   ■        _  I 

-  Electrical  cable  type  and  length. 


Oi 
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2    DATA  READING  AND  ANALYSIS 


2.1  PRE-INSTALLATION  ACCEPTANCE  READING 

Gage  readings  should  be  taken  as  soon  as  the  gages  are  received  to  ensure  they  have 
not  been  damaged  during  shipment  Zero  readings  should  be  compared  with  the  factory 
readings  after  barometric  and  temperature  corrections  are  made.  Snnall  variations  may 
arise  from  shocks  or  excessive  vibrations  during  transport  and  do  not  affect  the  linearity  of 
the  transducer  or  the  calibration  factor.  Please  review  the  instruction  manual  for  the 
readout  unit  tiefore  proceeding  with  the  reading. 

2.2  PRE-INSTALLATION  INITIAL  READING 

Before  installing  the  piezometer,  it  is  necessary  to  fake  an  initial  reading.  The  procedure 
for  faking  an  initial  reading  is  the  following: 

Take  a  pre-initial  reading  in  air  with  the  filter  removed  at  a  sfabilized  temperature  and  at  a 
known  barometric  pressure.  Record  the  linear  reading,  the  temperature  reading  and  the 
barometric  pressure  reading.  Test  gage  in  the  same  position  in  which  it  is  to  be  installed. 

Assemble  the  saturated  porous  element  in  a  bucket  filled  with  water  onto  the  piezometer. 
The  piezometer  must  be  held  tip  up  to  ensure  that  no  air  bubbles  are  entrapped  behind  the 
filter.  For  lower  pressure  range  transducers  and  for  high  air  entry  filters,  monitor  the 
pressure  acting  on  the  diaphragm  to  ensure  it  does  not  exceed  150  percent  of  the 
operating  range  of  the  piezometer.  Use  the  readout  unit  and  the  calibration  data  sheet  to 
evaluate  the  applied  pressure.  Leave  the  instrument  in  the  water  for  2  to  3  hours  for  the 
temperature  to  stabilize. 

It  is  even  preferable  to  leave  it  overnight  provided  that  an^ngements  are  made  to  keep  the 
water  at  more  or  less  uniform  temperature.  The  instrument  is  temperature  stabilized  if  the 
water  temperature  (ambient)  is  uniform.  All  sudden  changes  of  temperature  must  be 
avokJed. 

With  the  water  temperature,  ambient  temperature  and  piezometer  temperature  in 
equilibrium  raise  the  piezometer  by  the  electrical  cable  until  it  is  out  of  the  water  and  take  a 
second  reading.  Record  the  stabilized  value.  Monitor  3  successive  readings  to  ensure  a 
stable  value  is  recorded.  This  is  the  initial  reading.  Record  ambient  temperature  and 
barometric  pressure  and  the  initial  reading. 

The  pre-initial  reading  corrected  for  temperature  and  barometric  pressure  should  be  in 
agreement  with  the  initial  reading  taken  with  the  saturated  filter  on.  The  difference 
between  the  two  readings  for  a  property  installed  and  saturated  filter  should  t>e  within 
±0.5%. 
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DATA  READING  AND  ANALYSIS 


2.3  ON-SITE  FUNCTION  CHECK  (OPTIONAL) 

Piezometers  are  calibrated  in  factory  with  high  precision  calibrators  having  an  accuracy  at 
least  four  times  better  than  the  accuracy  of  the  piezometer.  However,  it  is  tempting  for  the 
user  to  make  function/calibration  checks. 

The  preferred  method  for  an  on  site  function  check  is  to  cany  out  the  readings  in  a  water 
filled  pipe  at  uniform  temperature.  Variables  that  otherwise  may  be  present  if  the 
piezometer  is  checked  in  an  open  borehole  (i.e.  temperature  gradients,  flow,  unknown 
density  variations)  and  that  were  not  present  at  time  of  factory  calibration  are  eliminated. 

The  function  check  can  be  made  relative  to  barometric  pressure  or  to  a  difference  of 
piezometric  head  in  the  pipe.  In  botfi  cases,  barometric  pressure  shoukJ  be  measured  and 
recorded  along  with  the  readings.  (A  protected  function  check  pipe  may  be  installed  in  a 
borehole  or  in  a  building). 

2.4  PRESSURE  EQUATIONS  (WITH  THE  MB-6T/6TL  READOUT) 

a)  LINEAR  readings  (L) 

The  MB-6T/6TL  LINEAR  readings  are  converted  to  pressure  using  the  equation  t)elow. 
The  LINEAR  readings  must  have  been  obtained  with  the  GAUGE  TYPE  selector  switch  in 
tiie  conBCt  position  on  the  MB-6T/6TL  readout  (position  #4). 

The  PW  series  of  vibrating  wire  piezometers  measure  absolute  pressure  and  must  be 
corrected  for  barometiic  pressure  changes. 

The  piezometers  are  supplied  with  a  temperature  correction  factor,  which  is  used  to 
correct  the  pressure  reading  for  significant  variations  in  temperature. 

To  convert  changes  in  LINEAR  readings  to  changes  in  pressure  conrected  for  barometric 
pressure  and  temperature  changes,  use  ttie  following  equation: 

Imperial  units  (psi) 

AP4cML,-^)^TATo<MOA9hiB,-Bj\       (2) 

Where:       AP      =    change  in  pressure  in  psi. 

C.F.    =    calibration  factor  in  psi  per  LINEAR  unit 
Zo,Z,  =    initial  and  cunrent  LINEAR  readings 

Tg       =    temperatijre  comection  factor  from  piezometer  Calibration  Data  Sheet 
in  psi/°F 

7^ ,  r,  =    initial  and  cunrent  temperature  readings  ("F^ 

5o ,  5,  =    initial  and  cun-ent  barometiic  pressure  reading  in  inches  of  Hg 
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0.491 

= 

constant  for  all  piezometers  in  psi/ln.  of  Hg. 

Example: 

C.F. 

= 

0.050923  psi/LINEAR  unit 

A, 

= 

3500  LINEAR  units 

A 

= 

2500  LINEAR  units 

T, 

= 

-0.006696  psiTF 

To 

= 

SOT 

T, 

= 

40^ 

So 

= 

31.2in.  Hg 

B, 

= 

29.4  in.  Hg 

AP 

= 

[(  0.050923)  X  (3500  -  2500)]  -  [(-0.006696)  x  (50  -  40)] 
+  [(0.491)x(31.2-29.4)] 

AP 

=     50.923  +    0.067    +  0.884     =    51.874psi 

SI  units  fkPa) 

^P^CJ^x{L,-LMtAt.-TMBo-B,)]       (3) 

where:        AP       =    Change  in  pressure  in  kPa 

C.F.      =    Calibration  factor  in  kPa  per  LINEAR  unit 
Lo,I^=    Initial  and  cun^nt  LINEAR readngs 

T/r        =    Temperature  con-ection  factor  from  piezometer  Calibration  Data 
Sheet  in  kPa/°C 

To.Ti  =  Initial  and  cunent  temperature  readings  (°C) 

So ,  5,  =  Initial  and  cun^nt  barometric  pressure  readings  in  kPa. 
Example : 

C.F.      =  0.3511 14  kPa/LINEAR  unit 
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Lo 

= 

3500  LINEAR  units 

A 

= 

2500  LINEAR  units 

T^ 

= 

-0.978781  kPa/"C 

To 

= 

lO'C 

T^ 

= 

4.4'C 

Bo 

= 

105.64  kPa 

B, 

= 

99.57  kPa 

^P       =    [0.351114  X  (3500 -2500)]- [(-0.978781)  X  (10 -4.4)] +  [(105.64-  I 

99.57)] 

AP       =    351 .1 14  +  5.481  +  6.07  =  362.67  kPa.  : 

b)  NORMAL  readings  (N)  | 

I 
The  calibration  factor  on  ttie  piezometer  calibration  data  sheet  supplied  with  each  PW 
series  piezometer  is  expressed  in  psi  per  MB-6T/6TL  LINEAR  unit  To  convert  NORMAL 
readings  to  psi,  the  NORMAL  readings  must  first  be  converted  to  LINEAR  readings  using  (I 

the  following  equation: 

X    =    ^^        (4) 

where:  L   =  LINEAR  reading  in  LINEAR  units 

K  -  gage  constantforall  piezometers  =  1.0156  | 

N  =  reading  in  the  NORMAL  mode  in  microseconds. 
Example:  i 

N  =  575.0  usee 

,  10156x10'  oo-r.ioi  IMC^AO         u 

L    =    — ; -= —    =    30718  LINEAR  units 

(575.0) 

The  LINEAR  readings  are  then  substituted  in  tfie  equation  (2)  or  (3). 
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2.5    PRESSURE  EQUATIONS  WITH  A  POLYNOMIAL  REGRESSION  (WITH 
THE  MB-6T/6TL  READOUT) 

a)  UNEAR  readings  (L) 

The  MB-6T/6TL  LINEAR  readings  are  converted  to  pressure  using  ttie  equation  below. 
The  LINEAR  readings  must  have  been  obtained  with  the  GAUGE  TVPE  selector  switch  in 
the  conBct  position  on  the  MB-6T/6TL  readout  (position  #4). 

The  PW  series  of  vibrating  wire  piezometers  measure  absolute  pressure  and  must  be 
con^ected  for  barometiic  pressure  changes. 

The  piezometers  are  supplied  witii  a  temperature  corection  factor,  which  is  used  to 
correct  ttie  pressure  reading  for  significant  variations  in  temperature. 

To  convert  changes  in  LINEAR  readings  to  changes  in  pressure  con-ected  for  barometiic 
pressure  and  temperature  changes,  use  ttie  following  equation  for  a  polynomial  regression 
(see  the  Calibration  Data  Sheet): 

Imperial  units  fpsi) 

AP=[C,x(Z„-Zj]+  [cALo-LJ[{TATo-TMO•^MBo-B^)]        (5) 

where:        AP      =    change  in  pressure  in  psi 

Ci.Cj  =    polynomial  factor 

L^,I^=    initial  and  current  LINEAR  readings 

Tf.        -    temperature  correction  factor  fipom  piezometer  Calibration  Date  Sheet 
inpsiTF 

To ,  r,  =  initial  and  current  temperature  readings  (°F) 

5o ,  5j  =  initial  and  current  barometiic  pressure  reading  in  inches  of  Hg 

0.491  =  consfant  for  all  piezometers  in  psi/in.  of  Hg. 
Example: 

C,  =  0.052981  psi/UNEAR  unit 

Cz  =  -Z835x10-^  psi/UNEAR  unit^ 

lo  =  3500  UNEAR  units 

L,  =  2500  UNEAR  units 


ROcteST  2T 

G33 


DATA  READING  AND  ANALYSIS 


r,        =  -0.006696  psiTF 

T,        =  50°F 

7;         =  40-F 

B^        =  31.2in.Hg 

5,        =  29.4  in.  Hg 

AP       =  [( 0.052981 )  X  (3500  -  2500)]  +  [( -Z835x1 0"^)  x  (3500  -  2500)^ 
-  [(-0.006696)  X  (50  -  40)]  +  [( 0.491 )  x  (31 .2  -  29.4)] 

AP  =    52.981  -  0.2835  +   0.067   +  0.884   =    53.649  psi 

SI  units  fkPa) 

AP  =  [c.x(i„-z,)]+[c,x(i:o-A)']-[7]:x(r„-7;)]  +  [(5„-5,)]    (6) 

where:        AP       =  change  in  pressure  in  VPa 

C1.C2   =  polynomial  factors 

Zo,Z,  =  initial  and  cunient  LINEAR readngs 

Tg        =  temperature  correction  factor  from  piezometer  Calibration  Data 
Sheet  in  kPa/°C 

7^ ,  7]  =  initial  and  current  temperature  readings  ("C) 

fig ,  5,  =  initial  and  current  barometric  pressui^e  readings  in  kPa. 
Example: 

C,        =  0.3611 2  kPa/LINEAR  unit 

C2        =  -3.787x10-^  kPa/LINEARunit^ 

lo        =  3500  LINEAR  units 

£,         =  2500  LINEAR  units 

Tg.        =  -0.978781  kPaTC 

r„         =  10  "C 
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T, 

=    4.4  "C 

Bo 

=    105.64  kPa 

A 

=    99.57  kPa 

AP       =     [0.361 12  X  (3500 -2500)] +[-3.787x10-*  X  (3500 -2500)^ 
-  [(-0.978781)  X  (10  -  4.4)]  +  [(105.64  -  99.57)] 

AP       =     361 .1 1 2  -  3.787+  5.481  +  6.07  =  368.88  kPa 

b)  NORMAL  readings  (N) 

To  convert  NORMAL  readings  to  psi,  the  NORMAL  readings  must  first  be  converted  to 
LINEAR  readings  using  the  following  equation: 

/sTxlO' 


where:  L  =  LINEAR  reading  in  LINEAR  units 

K  =  gage  constant  for  all  piezometers  =  1 .01 56 

N  =  reading  in  the  NORMAL  mode  in  microseconds. 
Example: 

N  =  575.0  usee 

,  1.0156x10'  or.-r.io  I  IMC  AC         •* 

L    =    — ; -T —    =    30718  LINEAR  units 

(575.0) 

The  LINEAR  readings  are  then  substituted  in  the  equations  given  in  the  previous  section. 
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3    INSTALLATION 

Vibrating  wire  piezometers  can  be  installed  in  various  ways  to  suit  each  individual 
application.  Specific  guidelines  for  the  installation  of  piezometers  have  been  set  for 
piezometer  installation  by  various  agencies  and  spedalists.  A  list  of  references  is  given  in 
appendix. 

The  following  instnjction  summarize  the  generally  accepted  practice  for 

•  filter  saturation. 

•  cable  identification, 

•  piezometers  installed  in  day  fill,  granular  material  or  boreholes, 

•  piezometers  driven  into  soft  soil, 

•  cable  routing. 

3.1     FILTER  SATURATION 

Two  types  of  filters  are  available;  high  air  entry  ceramic  or  low  air  entry  sintered  stainless 
steel  filters.  Saturation  of  the  filter 

•  reduces  tiie  possibility  of  filter  dogging, 

•  decreases  response  time, 

•  ensures   hydraulic   continuity   between   tiie   pore   water  and   the   piezometer 
diaphragm  in  unsaturated  soils. 

3.1 .1     Low  air  entry  sintered  stainless  steel  fitters 

The  filter  on  the  PWS  piezometer  body  is  removed  by  holding  the  piezometer  in  one  hand 
and  pulling  and  twisting  the  filter  housing  with  tiie  other  hand. 

The  filter  on  the  PWP  piezometer  is  removed  by  unscrewing  tiie  tapered  point  from  the 
piezometer  body. 

Saturate  the  filter  by  pladng  it  in  a  receptade  of  dean  boiling  water. 

Immerse  tiie  piezometer  housing  with  the  filter  removed  in  a  water  bath.  With  tiie 
diaphragm  end  pointing  upwards  and  submerged,  reassemble  tiie  filter.  Keep  the 
piezometer  submerged  until  ready  to  install. 
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3.1  JZ    High  air  entry  ceramic  filters 

Follow  the  procedure  described  above.  To  saturate  ttie  filter,  boil  the  porous  ceramic  filter 
for  a  minimum  two-hour  period. 

Proceed  as  above  to  reassemble  and  store  the  piezometer. 

3.2  INSTALLATION  IN  FILL 

3.2.1  Compacted  clay 

Excavate  a  trench  or  recess  about  30  cm  (12^  deep  by  about  0.8  nn^  (2.5  sq.  ft).  Form  a 
cylindrical  hole  in  the  side  wall  of  the  trench.  The  hole  diameter  should  be  slightly  smaller 
than  the  piezometer  body. 

Push  the  piezometer  into  the  side  of  the  hole.  Make  sure  that  the  piezometer  filter  is  in 
direct  contact  with  the  host  material.  If  necessary  to  ensure  continuity  with  the  saturated 
high  air  entry  fitter  and  the  pore  water,  smear  the  filter  with  a  thin  paste  of  the  saturated 
material. 

Before  backfilling,  the  cable  must  be  laid  with  the  utmost  care.  Loop  the  cable  around  the 
recess,  making  sure  it  rests  on  a  t)ed  of  hand  placed  and  compacted  screened  day. 

Make  sure  that  the  cable  does  not  cross  over  itself  or  other  cables  in  the  same  area. 

Backfill  the  recess  with  screened  day  containing  no  partides  larger  than  2.5  mm  (0.1")  in 
diameter.  The  ttackfill  should  have  a  water  content  and  density  equal  to  that  of  the 
sunx)unding  material. 

Make  sure  that  the  cable  is  protected  fixim  potential  damage  caused  by  angular  material, 
compacting  equipment  or  stretching  due  to  subsequent  deformations  during  constaiction 
or  fill  placement 

3.2.2  Granular  materials 

Install  the  piezometer  as  described  above  in  a  recess  excavated  for  this  purpose.  Place 
the  piezometer  within  the  trench,  loop  cable  and  backfill  with  screened  material  containing 
the  same  rrwisture  content  and  compacted  to  the  same  density  as  the  surrounding  fill.  In 
rock  fill,  it  is  necessary  to  place  a  graded  filter  around  the  piezometer.  Use  fine  grain  dean 
sand  around  the  instrument  and  increase  the  partide  size  as  the  backfill  proceeds 
outwards  to  the  rock  fill.  The  sand  placed  in  the  recess  around  the  instrument  and  cable 
should  range  in  size  from  0.5  mm  to  2.5  mm  (.02  to  .1")  in  diameter. 
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3.3    INSTALUVTION  IN  BOREHOLES 

The  method  used  to  Install  a  piezometer  in  a  borehole  depends  on  the  particular 
conditions  in  which  \he  installation  must  be  canied  out  The  method  described  below  will 
cover  most  applications.  Artesian  conditions,  borehole  stability,  available  drilling 
equipment  and  sealing  materials  are  among  the  factors,  which  will  influence  the  method, 
chosen.  For  a  description  of  other  methods,  please  consult  the  references  listed  in  Section 
4. 

The  casing  is  driven  30  cm  (12")  below  the  required  piezometer  elevation.  If  the 
piezometer  is  to  measure  the  pore  water  pressure  in  a  specific  horizon,  it  will  be  necessary 
to  drive  the  casing  1  m  (3')  t>elow  the  piezometer  elevation  to  enable  the  placement  of  a 
bentonite  pellet  (Peltonite)  seal  at  the  hole  bottom. 

After  driving  the  casing,  wash  until  the  water  emerging  from  the  hole  runs  dear. 

If  required,  set  the  two  foot  tjentonite  seal  at  the  t)ottom  of  tfie  borehole.  Raise  ttie  casing 
15  cm  (6").  Place  the  t)entonite  in  six  inch  increments  until  ttie  bentonite  level  is  one  foot 
below  the  piezometer  elevation.  Pull  tiie  casing  as  the  bentonite  is  set  in  place.  Be  very 
careful  not  to  plug  or  allow  bentonite  to  stick  to  ttie  inside  walls  of  the  casing.  This  is 
accomplished  by  making  sure  the  bentonite  level  is  at  all  times  below  the  casing  and  by 
slowly  dropping  the  bentonite  pellets  in  single  file  down  ttie  hole.  Trying  to  feed  the 
tjentonite  pellets  too  rapidly  will  result  in  bridging  of  tiie  pellets  in  the  casing  or  borehole. 
This  will  make  it  extremely  difficult  to  complete  the  seal.  Tamping  of  compressed  t)entonite 
pellets  is  not  required. 

Prior  to  setting  the  sand  in  place,  lower  a  cylindrical  weight  down  the  hole  to  ensure  ttiat 
ttie  hole  is  dear  ftx)m  any  obstructions  and  if  necessary,  rinse  ttie  borehole  until  dear 
water  emerges. 

In  the  same  manner,  place  30  cm  (12")  of  fine,  dean  sand  in  15  cm  (6")  increments  below 
the  level  of  the  piezometer  tip.  Pull  the  casing  as  the  backfilling  witii  the  sand  proceeds. 
Lower  the  piezometer  into  the  hole.  Take  ttie  initial  readings  as  described  above. 

Pull  the  casing  15  cm  (6")  and  backfill  with  fine  dean  sand.  Repeat  until  ttie  sand  and 
casing  are  30  cm  (12")  above  ttie  top  of  ttie  piezometer.  Take  anotiier  reading  on  ttie 
piezometer. 

Lift  ttie  casing  in  15  cm  (6")  increments  and  backfill  witti  bentonite  pellets  until  a  minimum 
1.3  m  (4')  seal  has  been  fomied.  During  ttie  bentonite  pellet  placement  keep  ttie  cable  taut 
to  prevent  the  pellets  from  hooking  up  in  the  casing.  Pour  ttie  pellets  in  the  hole  one  at  a 
time  to  avoid  bridging.  If  only  one  piezometer  is  to  be  installed  in  the  hole,  backfill  ttie 
casing  witti  a  cement/bentonite  grout  If  more  than  one  piezometer  is  to  be  installed  in  ttie 
hole,  backfill  witti  host  material  or  sand/bentonlte  mixture  to  an  elevation  of  four  feet  below 
ttie  second  piezometer,  ttien  use  1  m  (3')  of  lientonite,  30  cm  (12")  of  sand,  ttien  ttie 
piezometer.  Proceed  as  descrit>ed  atxjve. 

Pull  ttie  casing.  Do  not  rotate  Uie  casing  during  removal. 

Once  all  casing  is  renroved,  top  off  ttie  ttorehole  witti  grout 
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3.4  PIEZOMETERS  DRIVEN  IN  SOFT  GROUND 

The  model  PWP  is  designed  to  be  pushed  into  place  from  the  surface  in  soft  materials.  For 
deeper  installations  where  driving  from  the  surface  is  impossible,  the  piezometer  may  be 
pushed  into  place  from  the  bottom  of  a  pre-drilled  borehole. 

The  model  PWP  piezometer  comes  fitted  with  a  male  EW  rod  thread  that  screws  directly 
onto  EW  rod. 

The  rods  fomn  an  effective  seal  above  the  piezometer.  Should  other  rods  be  adapted  to 
push  the  piezometer  in  place  it  is  important  that  the  diameter  of  the  first  1.2  to  1.5  m  (4  to 
5')  of  rod  remains  larger  than  the  outside  diameter  of  the  PWP  piezometer  housing. 

The  first  step  is  to  lay  a  sufficient  number  of  rods  side  by  side,  altemating  a  male  thread 
t>eside  a  female  thread. 

The  piezometer  cable  is  threaded  through  the  rods  leaving  a  30  to  60  cm  (1  to  2')  loop  of 
cable  laying  fiat  on  the  ground  each  time  the  cable  emerges  from  one  rod  and  enters  a 
subsequent  rod. 

Let  about  7  m  (23')  of  free  cable  extend  beyond  the  lower  extremity  of  the  first  rod.  This 
(for  3  m  or  10'  rod  lengths)  should  provide  sufficient  slack  to  allow  easy  manipulation  of 
ttie  rods  as  they  are  screwed  together  and  pushed  in  place. 

Screw  the  lower  rod  onto  the  piezometer.  Use  a  pipe  sealing  compound  on  the  threads  to 
form  a  permanent  seal,  preventing  porewater  fi^m  flowing  into  the  rod  string,  causing 
conBsponding  pressure  drops. 

Push  the  piezometer  in  place  and  nronitor  any  pressure  buildup  at  the  tip.  Should  the 
pressure  exceed  the  working  pressure  range,  stop  the  driving  and  wait  until  tiie  pressure 
dissipates. 

In  soils  with  high  salt  content  it  is  necessary  to  use  a  nylon  bushing  between  tfie  PWP 
piezometer  and  the  push  rods  to  prevent  apparent  pore  water  pressure  increases  caused 
by  hydrogen  gas  generation  due  to  galvanic  corrosion,  or  pressure  increases  caused  by 
any  electro-osmotic  effect  on  ttie  porewater. 

3.5  CABLE  IDENTIFICATION 

The  cables  are  identified  wltti  ttie  serial  number  that  Is  labeled  on  the  piezometer  housing. 
The  serial  number  is  stamped  on  a  tag  tfiat  is  fastened  to  ttie  readout  end  of  the  cable. 
Optional  hot  stamped  maridngs  along  tiie  entire  lengtii  of  ttie  cable  are  available. 

The  latter  fadlitates  instrument  identification  should  ttie  cables  be  accidentally  cut  or 
damaged  during  ttie  installation.  Should  tiie  cable  be  cut,  we  recommend  ttie  use  of  our 
high  pressure  cable  splice  kits,  especially  if  ttie  splice  is  located  unden^vater. 
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3.6    CABLE  ROUTING 

3.6.1  Transition  from  vertical  borehole  to  horizontal  trench 

The  cable  should  be  routed  along  a  curved  path  as  It  goes  from  a  vertical  to  the  horizontal 
position.  At  the  collar  of  the  borehole,  embed  the  cable  along  a  large  radius  drcular  path 
within  a  cushion  of  screened  sand  and  5%  bentonite  mix.  hand  compacted  to  the 
surrounding  fill  density. 

Piezometers  installed  to  monitor  rock  contact  zones  are  generally  installed  in  shallow 
boreholes  to  protect  them  against  concentrated  loads  or  movements.  Run  cables 
emerging  from  these  holes  through  the  dam  core  and  locate  the  vertical  to  horizontal  cable 
transition  zone  above  the  rock  surface.  Do  not  lay  the  cable  directly  on  rock. 

3.6.2  Horizontal  cable  runs 

Two  methods  are  currently  used  to  protect  horizontal  cable  runs  from  damage. 
Embedment  within  selected  materials  on  surface  of  the  fill  or  in  a  trench  within  the  fill.  Only 
the  latter  is  discussed  here.  Surface  installations  require  continuous  surveillance  and 
protection  from  the  earth  moving  equipment  drculating  on  the  fill.  For  a  description  of  this 
method,  please  refer  to  Clements  (1982),  reference  A-6  in  Section  4. 

Some  of  the  more  important  considerations  that  must  be  given  to  horizontal  cable  runs 
are: 

•  Avoid  traversing  transition  zones  where  large  differential  settlements  could  create 
excessive  strain  in  tiie  cable. 

•  Avoid  cable  splices  -  if  necessary,  use  only  our  approved  splice  kits. 

•  Do  not  lay  cables  one  on  top  of  the  otiier. 

•  Use  horizontal  snaking  or  vertical  snaking  of  the  cable  within  the  trenches.  For 
most  materials,  a  pitch  of  2  m  (6')  witti  an  amplitude  of  0.4  m  (1.3')  is  suitable.  In 
very  wet  days  increase  tiie  pitch  to  1  m  (3*). 

•  Use  a  combination  of  horizontal  and  vertical  snaking  at  ti^nsition  zones. 

The  \rendh  dimensions  should  be  25  cm  (KT)  wider  ttian  the  laid  out  width  of  tiie  cable. 
The  trench  should  be  a  minimum  of  60  cm  (T)  deep.  A  12  cm  (5")  bedding  layer  of  minus 
0.8  mm  (0.4")  sand  is  placed  along  the  trench  bottom.  As  required,  bentonite  must  be 
added  to  the  sand  to  form  impervious  sections  or  plugs. 

The  cable  is  ttien  covered  witti  one  15cm  (6")  lift  of  minus  0.8  mm  (0.4")  material. 

Backfill  the  trench  with  selected  material  completely  and  compact  the  selected  material 
with  light  hand  operated  machines. 

During  the  cable  routing,  read  the  instiximents  at  regular  intervals  to  ensure  continued 
proper  functioning. 
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3.7    LIGHTNING  PROTECTION 

At  all  times  during  the  installation  of  the  piezometers,  any  cable  that  is  exposed  to  potential 
damage  by  lightning  must  be  protected. 

A  large  grounded  metal  cage  placed  over  the  cable  bundle,  combined  with  direct 
grounding  of  all  leads  and  shields  is  an  effective  way  to  prevent  lightning  damage  to  the 
instruments  and  cables  during  the  installation  process. 

A  surge  and  overvoltage  protection  is  included  inside  the  body  of  the  piezometer.  It 
protects  the  vibrating  wire  only  and  not  the  themiistor.  It  consists  of  a  double  gas  tube 
surge  anestor. 

Additional  sources  of  information  on  protecting  instruments,  junction  boxes  and  data 
logging  systems  against  power  surges,  transients  and  electromagnetic  pulses  are  listed  in 
references  A-7,  A-8  and  A-9  in  Section  4.  (All  junction  boxes  and  data  logging  systems 
furnished  by  the  Company  are  available  with  lightning  protection). 
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APPENDIX  H 
DATA  LOGGER  OPERATION 
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DOWNLOAD  DATALOGGER 

(Wait  until  after  0900  to  do  this  to  be  sure  new  data  is  posted.) 


1.  If  laptop  is  not  on,  turn  it  on.  The  "ON"  switch  is  2  inches  to 
the  left  of  the  State  PAMS  ID  #3447. 

2.  Double  click  TRD  Piezo"  icon  toward  right  side  of  monitor. 

3.  Sing  click  "Connect"  icon-second  icon  from  left  at  top  of  screen. 

NOTE:  A  couple  of  times  this  software  automatically 
connected  to  the  datalogger,  if  that  appears  to  have 
happened,  skip  to  Step  #6. 

4.  Under  "Station  Ust"  highUght  "CRIOXI"  if  it  is  not  already 
highlighted. 

NOTE:  "CRlOXl"  downloads  the  data  logged  since  the  last 
connection  and  overwrites  it  to  a  jQle  named  "House.dat"  to 
be  used  later. 

5.  Click  "Connect"  (lower  right  portion  of  screen). 

6.  After  computer  is  connected  to  datalogger,  click  "Collect"  (up 
and  left  from  middle  portion  of  screen). 

7.  In  status  bar  titied  "%  Collected",  "100%"  will  flash  when  done. 

8.  Click  "Disconnect"  in  lower  right  portion  of  screen. 

9.  IGNORE  CR10X2  AND  CR10X3. 

10.  Close  this  window  (Single  click  on  "X"  in  upper  right  comer  of 
screen. 

11.  Close  software  with  single  click  on  "X"  in  upper  right  comer  of 
toolbar. 
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UPDATE  STANDPIPE  SPREADSHEET: 

1 .  Double  click  "Microsoft  E^cel"  icon. 

2.  Single  click  on  "File"  in  upper  left  comer  of  toolbar. 

3.  Go  to  lower  area  of  the  "File"  window  and  click  on 
"Standpipes  .xls" . 

4.  If  you  are  not  already  on  the  'RAW  DATA'  tab  on  the  lower  left 
toolbar,  click  on  the  'RAW  DATA'  tab.  You  may  have  to  use  the 
scroll  buttons  in  the  far  lower  left  comer  to  get  there. 

5.  Position  the  cursor  In  the  first  empty  cell  in  Column  A  (the 
"DATE"  column)  and  enter  the  date.  If  you  key  in  5/22  (or 
whatever),  E^cel  will  add  the  /OO. 

6.  Scroll  right  and  enter  the  reservoir  elevation. 

7.  Scroll  right  two  cells  and  begin  entering  piezometer  reading  in 
appropriate  columns.  Watch  for  anomalies. 

8.  After  entering  the  reading  for  Piezo  #214,  enter  flume  and  weir 
readings  In  appropriate  columns. 

9.  ScroU  back  to  Colimin  A  and  SAVE  the  spreadsheet. 

10.  Click  on  the  "Graph  1"  tab.  and  check  to  see  If  it  appears  that 
the  data  is  plotted  OK.  If  it's  Friday,  print  the  graph  and  fax  it 
to  Kevin  with  all  piezometer  plots. 

11.  Repeat  Step  #10  for  "Graphs  2  through  T  and  "Flimies  and 
Weirs". 

12.  Close  the  "Standpipes.xls"  spreadsheet. 
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UPDATE  VTORATING  WIRE  SPREADSHEET: 

1.  Double  click  "Microsoft  Excel"  icon. 

2.  Single  cUck  on  "File"  in  upper  left  comer  of  toolbar. 

3.  Go  to  lower  area  of  the  "File"  window  and  dick  on  "House.dat". 

4.  Text  Import  Wizard-Step  1  of  3"  will  appear.  Click  on  -Next>" 
In  lower  right  part  of  window. 

5     Text  Import  Wizard  -Step  2  of  3"  appears.  CUck  in  the  box  to 
the  left  of  "Comma".  A  check  mark  wiU  appear  in  the  box. 

6.  Click  "Next>" 

7.  Text  Import  Wizard-Step  3  of  3"  appears.  CUck  "Finish". 

8.  You  should  have  one  row  of  data  in  the  spreadsheet. 

9.  HighUght  that  entire  row  of  data. 

10.  Right  cUck 

11.  Lift  cUck  "Copy" 

12.  Close  the  "House.dat"  spreadsheet,  but  NOT  Excel. 

13.  CUck  "FUe" 

14.  Go  down  and  cUck  on  "VW2001  jds". 

15.  A  window  comes  up  that  says.  "Tlie  workbook  you  opened 
contains  automatic  Unks  to  information  In  another  workbook. 
Etc.  etc.  etc". 

16  CUck  "Yes" 

NOTE-  You've  Just  imported  today's  reservoir  elevation  so 
you  don't  have  to  manuaUy  go  to  another  tab  just  to  enter 
the  elevation. 

17  If  you  are  not  akeady  on  the  "RAWDATAl"  tab  on  the  scroU  bar 
in  the  lower  left.  cUck  on  "RAWDATAl".  You  may  have  to  use 
the  scroU  buttons  in  the  far  lower  left  comer  to  get  there. 

18.  Position  cursor  in  the  first  empty  ceU  in  Column  A  (below  last 
row  of  existing  data). 

19.  Right  cUck 

20.  Left  cUck  "Paste".  The  row  of  data  you  copied  fi-om  "House.dat" 
should  appear. 

21.  SAVE  the  spreadsheet. 
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^  22.  Click  on  "PiezPlot"  tab.  Check  to  see  if  it  appears  data  Is 

plotted  OK. 

23.  Repeat  step  #22  for  '•PiezPlot2" 

24.  Close  Excel 
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APPENDIX  I 
SURVEY  MONUMENTS 
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TABLE  10.  TONGUE  RIVER  DAM  SURVEY  MONUMENTS 


POINT 

COMMENTS 

COORDINATES 

XREF 

N 

E 

Z 

1 

BM#1 

425053.52 

2704246.00 

3494.13 

WWC  201 

2 

CP504 

424933.43 

2704294.74 

3476.00 

3 

CP520 

425300.00 

2704586.91 

3463.78 

4 

outlet  centerline 

425323.82 

2704716.42 

3386.07 

5 

left  upstream  wall  end 

424949.92 

2704557.36 

3445.09 

6 

left  upstream  wall 

425045.46 

2704616.09 

3437.46 

7 

left  bridge  centerline 

425145.50 

2704668.12 

3439.16 

8 

left  downstream  wall 

425215.30 

2704704.98 

3430.20 

9 

primary  floor  upstream  centerline 

TO  BE  SURVEYED  2002 

10 

primary  floor  downstream  centerline 

425219.49 

2704763.69 

3409.26 

11 

right  upstream  wall  end 

424786.48 

2704728.09 

3445.40 

12 

right  upstream  wall 

424977.52 

2704705.66 

3445.43 

13 

right  bridge  centeriine 

425099.91 

2704771 .62 

3436.59 

14 

right  downstream  wall 

425199.49 

2704809.08 

3429.12 

15 

right  downstream  wall  end 

425336.25 

2704869.30 

3392.12 

16 

auxiliary  spillway  floor  centeriine 

424368.23 

2705411.64 

3428.62 

17 

auxilliary  spillway  crest  -  leftside 

424490.16 

2705262.54 

3431.51 

18 

auxilliary  spillway  crest  -  middle 

424378.42 

2705417.39 

3431.48 

19 

auxilliary  spillway  crest  -  rightside 

424266.16 

2705573.08 

3431.43 

20 

BM#2 

423745.23 

2706231.53 

3457.52 

WWC202 

21 

Slide  1 

423181.39 

2705393.61 

3465.11 

WWC  81 

22 

Slide  2 

423062.58 

2705393.14 

3493.37 

WWC  82 

23 

Slide  3 

422993.29 

2705328.02 

3495.66 

WWC  83 

24 

Slide  4 

422915.32 

2705249.05 

3500.25 

WWC  84 

25 

Slide  5 

422867.85 

2705190.45 

3492.58 

WWC  85 

26 

SEC  CRN  13-24-18-19 

422440.57 

2705171.20 

3634.00 

WWC  502 

27 

BM#3 

422906.49 

2705547.49 

3601.59 

WWC  203 

Note:  Points  26  and  27  are  located  on  the  ridge  above  the  slide  area. 
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APPENDIX  J 
PROJECT  DRAWINGS 


(NOTE:  The  reduced  project  drawings  are  a  combination  of 
design  drawings  and  "As  Builts".  The  design  drawing  are 
stamped  "Approved  For  Construction"  and  should  be  used  for 
reference  only.  The  "As  Builts"  are  stamped  "Record 
Drawings".  The  SWPB  has  the  full  size  project  drawings.) 


> 
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INDEX  OF  DRAWINGS 


Sheet  Pgt^e 

3  Dam  Cross  Section  J3 

C- 1  Primaiy  SpIUway  and  Outlet  Works  Site  Plan  J5 

C- 1 6  Primary  Outlet  Works  Plan  And  Profile  J7 

S-55  Intake  Structure  Plan  And  Sections  J9 

S-58  Inlet  Structure  Reinforcing  And  Grating  Details  J 11 

S-50  Primaiy  Outlet  Works  Tunnel  Cross  Sections  J 13 

C- 1 7  Primaiy  Outlet  Works  Gate  Structure  Plan  And  Sections    J 1 5 

S-69  Outlet  Works  Downstream  Area  Plan  J 1 7 

C- 1 8  Auxiliary  Outlet  Works  Plan  And  Profile  J 1 9 

1054D  Inlet  Structure  J21 

S-90  Auxiliary  Outlet  Works  Intake  Structure  Inlet  Bulkhead     J23 

C- 1 9  Auxiliary  Outlet  Works  Gate  Structure  Plan  J25 

C-20  Auxiliary  Outlet  Works  Gate  Structure  Section  J27 

C-21  Emergency  (Fixed  Wheel)  Gate  Assembly  J29 

Gate  Hydraulic  Schematic  J31 

Gate  Electrical  Schematic  J33 

C-45  West  Abutment  Piping  Control  Mesisures  Plan  And  Profile  J35 

C-48  West  Abutment  Piping  Control  Measures  Sections  J37 

C-5  Primaiy  spillway  Profile  J39 

C- 14. 1  Primary  Spillway  Drainage  System  Plan  J41 

S-92  Emergency  Spillway  Ogee  Crest  Plan  And  Sections  J43 

S-2  Structural  Centerline  Section  J45 

S-5  Structural  Jointing  Plan  J47 

S-6  Structural  End  Sill  J49 

S-8  Structural  Steps  J51 

S-19  Structural  Precast  Panels  -  Details  J53 

E-16  Earthwork  Toe  Drain  -  Section  J55 

D- 1  Drainage  System  Plan  And  Profile  J57 

D-5  Drainage  Flume  Vault  Plan  J59 

S-21  Structural  Fliune  Vaiilt  J6 
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GENERAL  NOTES: 


OUTSIDE  y 
FACE 


16'  WIDE  FLANGE 
(PER  WWUFACTVPERS 
RECOUENDATIONS)  y^ 


SIDE  WALL 
GUIDE  SECTION 

SCALE:  r  =  r-c 


I.  CONTINUE  EVERY  OTHER  BAR  FOR  28'  UP  INTO  OETAU.  J  BEAM 
(SEE  DETAIL   4*5) 

2     CONTINUE  EVERY  OTHER  B*R  22'  UP  INTO  OETAJL   I  BEAM. 
(SEE  DETA/L  2) 

J.  Aa  CONSTRUCTION  JOINTS  SHAU  BE  SANDBLASTED  TO  EXPOSE 
COARSE  AGGREGATE  AND  PRODUCE  A  UINIUUU  1/4 '  AUPUTUDE 
SURFACE  VARIATION. 

4     2'  CONCRETE  COVER  REQUIRED  OVER  AU  REINFORCING  STEEL 

5.     BEVa  AU  OUTSIDE  CONCRETE  CORNERS  WITH  3/4 'x J/4' 
CHAMFER  STRIPS 

6     GRATING  OIUENSONS  SHAU  BE  CONHRUED  IN  THE  HELD  BY 
THE  CONTRACTOR  TO  ASSURE  A  PROPER  FTT. 

/    AU  CRATING  SHAU  BE  HOT  DIPPED  GALVANIZED. 

8.     BOLTS  SIDE  AND  FRONT  GRATING  PANELS  TO  STRUCTURE 
THROUGH  PERIUETER  ANCLE  STEEL   WITH  l/2'x6'  SS  ANCHOR 
BOLTS  AT  24'  ON  CENTER. 
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•    GENERAL  NOTES' 


OUTSIDE  t 
FACE 


IS'  WIDE  FIANCE 
(PER  UANUFACTVRERS 
RECOUENDATIONS)  y^ 


SIDE  WALL 
GUIDE  SECTION 


I.  CONTINUE  EVERY  OTHER  BAR  FOR  28'  UP  INTO  DETAIL  J  BEAU 
(SEE  DETAIL   4  t  5) 

2     CONTINUE  EVERY  OTHER  BAR  22'  UP  INTO  DETAIL   I  BEAM. 
(SEE  DETAIL  2) 

J  AU  CONSTRUCTION  JOINTS  SftlU  BE  SANDBLASTED  TO  EXPOSE 
COARSE  ACCRECAIE  AND  PRODUCE  A  UINIUUU  1/4  '  AUPUTUDE 
SURFACE  VARIATION. 

4     2'  CONCRETE  COVER  REQUIRED  OVER  AU  REINFORCING  STEEL 

5.     BEVEL  AU  OUTSIDE  CONCRETE  CORNERS  WITH  J/4 'x J/4' 
CHAUFER  STRIPS 

6-     CRATING  DIUENSIONS  SHAU  BE  CONFIRUED  IN  THE  FIELD  BY 
THE  CONTRACTOR  TO  ASSURE  A  PROPER  FTT. 

7.    AU  CRATING  SHAU  BE  HOT  DIPPED  GALVANIZED. 

8     BOLTS  SIDE  AND  FRONT  GRATING  PANaS  TO  STRUCTURE 
THROUGH  PERIUETER  ANCLE  STEEL  WITH  l/2'x6'  SS  ANCHOR 
BaTS  AT  24'  ON  CENTER 
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GENERAL    NOTES   ON  EXCAVATION  AND   SUPPORT  METHODS 

ALL    TUNNEL    WORK  SHALL   BE  PERFORMED  IN  ACCORDANCE  WITH   THE 
■  I, PLANS  AND    THE  SPECIFICATIONS  AND    THE  FOLLOWING   NOTES 

.THE  WORK  SHALL    BE  PROPERLY  LIGHTED.    VENTILATED.   AND  DRAINED 

'DURING  CONSTRUCTION 
THE  EXCAVATION  AND   TEMPORARY  SUPPORT  UETHOOS  ARC  TO  BE 

-DESIGNED  BY  THE  CONTRACTORS  ENGINEER.    THE  CONTRACTOR'S 

.  ENGINEER  SHALL    BE  A   REGISTERED  ENGINEER  WITH  PREVIOUS 
EXPERIENCE  IN   TUNNEL   DESIGN. 

.  THE  TUNNEL    SHALL    BE  DRIVEN  BY  ONE  OR  A   COMBINATION  OF  THE 
FOLLOWING   METHODS:    DRILL   AND  BLAST  HAND   MINING   METHODS. 
SPADERS.    SMALL    BACKHOE.    ROAD  HEADER.    OR   SMALL    MUCKER.    AND 

-.LOW  PROFILE   LOAD   HAUL    DUMP    VEHICLES.    OR  ANY  OTHER   PROVEN 
METHOD  PROVIDED   THE  WORK  OF  DRIVING  IS  CARRIED  ON 
CONTINUOUSLY.     WITHIN    THE  LIMITATIONS   OF   THE  SPECinCATIONS 
UNTIL    COMPLETION   OF   WORK 

'initial   (OR  PRIMARY.    OR  TEMPORARY)  SUPPORT  SHALL   BE  INSTALLED 
IN  ORDER   TO  PREVENT  EXCESSIVE  LOSS  OF  GROUND.    BECAUSE  OF  THE 
POSSIBILITY  OF  IRREGULAR  EXCAVATED   TUNNEL    SURFACES.    PROVISIONS 
ARE  MADE  FOR  DEALING  WITH  OVERBREAKS  BY  CONTACT  GROUTING. 
THE  CONTRACTOR  SHALL   UTILIZE  THE  SUPPORT  METHOD   THAT  IS  MOST 
SUITABLE  FOR  HIS  METHOD  OF  EXCAVATION.    OPERATIONS  AND 
EQUIPMENT.   AND   THE  TYPE  OF  GROUND  BEING  EXCAVATED. 
THE  CONTRACTOR'S  SUPPORT  METHOD  SHALL   PROVIDE  A    TUNNEL    THAT 
IS  STABLE  AND  SAFE  DURING  CONSTRUCTION.    THE  CONTRACTOR  IS 
RESPONSIBLE  TO  SUPPORT  THE  GROUND   TO  PROVIDE  STABILITY 
DURING    CONSTRUCTION  AND   SAFETY  TO   PERSONNEL.    AND    TO    TAKE 
PRECAUTIONS   TO  MINIMIZE  OVERBREAK  AND  SLAKING  AND   TO  PREVENT 
IMMEDIATE  OR  SUBSEQUENT  RAVEUNG  OR  SETTLEMENT  OF  ANY  MATERIAL. 

NOTES  ON   TUNNEL   SUPPORTS 


ALL   MATERIALS  USED  IN  THE  TUNNEL   FOR  TEMPORARY  SUPPORT 
SHALL   BE  COMPATIBLE  WITH  RNAL   UNINC  AND  ARE  SUBJECT  TO 

THe  Review  of  thf  eNoiNeep. 

ReMOve  Loose  uNSAFe  ground/strata  before  installation  or 

ERECTION  OF  SUPPORT  BY  BARRING.   PRYING  OR  OTHER  METHODS 
WHICH  WILL   NOT  FURTHER  DETERIORATE  THE  IN -SITU  MATERIAL. 
SHOTCRETe  SHALL   Be  USeO  AS  LAGGING  BeTweeN  SETS. 
TYPICAL   APPLICATIONS  OF  THE  VARIOUS  INITIAL   SUPPORTING  METHODS 

TYPICAL  DOWNSTEAM  TUNNE.Tmr^il^J^^T'^'ysTJr.r'  '°''^''°'  '^'  ''""'  '''''''"^ 


CONTACT  CFtOUT- 

TEVPORARY  DRAINACe  CHANNeL 


SCALE:    1/2'  =    I' 


TYPICAL    OVERBEAK- 


STEEL   RIBS  OR  LAFTICE 
GIRDERS  AS  ReOUIRED 
BY  GROUND   CONDITIONS 


TIMBeR  SPREAOeRS- 
NOT  SHOWN.    REMOVE 
ALL    WOOD  SPREADERS 
PRIOR   TO  CONCRETING. 


CROWN  BARS.    FORePOUNG.   ROCK  DOWFLS.    OR  SPIUNG  MAY  BE  USED 
IN  ANY  COMBINATION  WTTH  e.g.    STEEL   SETS  OR  LATTICe  GIROeRS  OR 
SHOTCRETE  OR   WELDED   WIRE  FABRIC  AS  REOUIRED  BY  GROUND  CONDITIONS. 
NOTES  ON  DRAINAGE  AND   WATER  HANDLING  AND  PROTECTION 

GROUND   WATER  WILL   BE  ENCOUNTERED  DURING   TUNNELING.    WATER 
MAY  ALSO  BE  PRESENT  FROM  CONTRACTOR'S  OPERATIONS:  I.e.    FROM 

TYPICAL   GRi  WATERUNe  BREAXS.    LEAKY  HOSES  USED  FOR  DUST  CONTROL.    ETC. 

VENT  PIPE    WATER  ON  INVERT  CAN  MAXe  WORKING  CONDITIONS  DIFFICULT 

-^  mepeFORe  every  effort  shall  Be  uAoe  to  avoid  standing 

^Jf'  WATER  either  created  FROM  CONTRACTOR  OPERATIONS  OR  FROM 
■l"  OCCASIONAL   INFLOWS  OF  GROUND  WATER.    CONTRACTOR  IS   TO  INSTALL 
'^^'  AND  MAINTAIN   TEMPORARY  DRAINACE  FACILITIES  OF  ADEQUATE  SIZE. 
INCLUDING  STANDBY  PUMPS  FOR  EMERGENCY  USE.    TO  COLLECT  AND 
DISPOSE  OF  WATER  WHICH  ENTERS  THE  UNDERGROUND  EXCAVATIONS. 
WATER  SHALL   NOT  BE  PERMITTED   TO  STAND  AT  THE  TUNNEL   FACE. 
ON   THE  INVERT,    OR  IN  WORKING  AREAS. 

CONSTRUCTION   TRAFnC.    DEPENDING  ON  MACHINERY  USED  FOR 
EXCAVATION.    MAY  AFFECT  THE  INTEGRITY  OF  THE  INVERT   FOR 
CONSTRUCTION   TRAFnCABILTTY.    THE  CONSTRUCTION  OPERATIONS  AND 
SEQUENCES  SHALL   BE  PLANNED  AND  IMPLEMENTED   TO  AVOID  EXCESSTVe 

DAMAce  TO  me  excAVATeo  floor  of  tunnfl.  wnepe  THe  natural 

GROUND  CONDITIONS  ARe  SUCH  THAT  INVERT  PROTECTION  IS 
NECESSARY  TO  PREVENT  RUTTING.    TUNNEL   INVERT  PROTECTION 
CONSISTING  OF  EITHER  GRAVEL   BLANKET  OR  PRECAST  OR  POURED 
CONCRETE  WORK  SLAB  AS  APPROVED  BY  ENGINEER.    SHALL   BE  PLACED. 
DRAIN  ROCK  MAY  Be  LFFT  IN  PLACF  PROVIDeD  IT  IS  CONTACT  GROUTED 
THIS  WORK  MAY  Be  PeRFORMFD  ON  weeKeNDS.    IF  APPROPRIATe  FOR 
METHOD  OF  TUNNEL   exCAVATION. 

PRePAfiAnoN  OF  me  foundation  surfacf  for  me  work  slab  shall 
Be  IN  AccoRDANce  wim  the  cast-in-place  coNCPere  SPecincAVONs. 

WATeP  HANDLING  METHODS  USED  IN  ANY  COMBINATION.    SUCH  AS 
FORMATION  DRAINS.    PVC  PERFORATED  PIPE.    FLEXIBLE  HOSES.    PLASTIC 
SHEETING.    CORRUGATED  HBERGLASS  OR  METAL   PANNING.    WICK  DRAINS 
OR  ANY  OTHER   PROVEN  METHOD    OF  HANDLING    WATER   SHALL    BE  USED 
TO  ALLOW  WE  IMMEDIATE  SUPPORT  OF  GROUND  WHERe  NeCeSSARY 
AND   TO  PREVENT  mE  OCCURRENCE  OF  STANDING  WATER. 

STRUCTURAL    NOTES 


PRECAST^^ 
CONCRETE  FOOTINGS 


UUD  SLAB  AS  REOUIRl  CONCRETE  SHALL   BE  NORMAL    WEIGHT  CONCRETE  AND  HAVE  A   MINIMUM 
28  DAY  COMPRESSIVE  STRENGTH  (T'c)  OF  4000  PSL 

REINFORCING  STEEL   SHALL   CONFORM  TO  ASTM  A615  GRADE  60  (Ty=60ksl). 
WELDED   WIRE  FABRIC  (PERMANENT  UPSTREAM  PORTAL   SLOPE)  SHALL 
CONFORM    TO  ASTM  A  IBS   FOR   SMOOTH    WIRES. 


PERFORATED- 
OP  SLOTTED  PIPE 


-  DRAII  ALL   LAP  SPLICES  SHALL   BE  CLASS  B  AND  ALL   HOOKS  SHALL   BE 
ROOM  STANDARD  HOOKS  AS  DEFINED  BY  ACi  JIB. 


RIBS  AND  LAGGING 

NO  SCALE 


APPROVED   FOR 
CONSTRUCTION 


PRIMARY  OUTLET  WORKS 
TUNNEL  CROSS  SECTIONS 


wgVTSPN  ocsgqpnoN 


J13 


S-50 


H 


i 


TCMPORARY/INITIAL 
SUPPORT  NOT  SHOWN 

(see  BeLOw)- 


SYUMETRICAL  AOCU^  GENERAL    NOTES   ON  EXCAVATION  AND   SUPPORT  METHODS 
l{  ALL    TUNNEL    WORK  SHALL    BE  PEREORMED  IN  ACCORDANCE  WITH    THE 

PLANS  AND    THE   SPECIFICATIONS  AND    THE  FOLLOWING   NOTES 
THE  WORK  SHALL    BE  PROPERLY  LIGHTED.    VENTILATED.   AND  DRAINED 
-j-jl,^    DURING    CONSTRUCTION 

THE  EXCAVATION  AND   TEMPORARY  SUPPORT  METHODS  ARE  TO  BE 
DESIGNED  BY  THE  CONTRACTORS  ENGINEER.    THE  CONTRACTOR'S 
ENGINEER  SHALL    BE  A   REGISTERED  ENGINEER  WITH  PREVIOUS 
EXPERIENCE  IN   TUNNEL   DESIGN. 

THE  TUNNEL    SHALL    BE  DRIVEN  BY  ONE  OR  A   COMBINATION  OF  THE 
FOLLOWING   METHODS:    DRILL    AND   BLAST  HAND   MINING   METHODS, 
SPADERS.    SMALL    BACKHOE.    ROAD   HEADER.    OR   SMALL    MUCKER  '  AND 
LOW  PROFILE  LOAD   HAUL    DUMP    VEHICLES.    OR  ANY  OTHER   PROVEN 
METHOD  PROVIDED   THE  WORK  OF  DRIVING  IS  CARRIED  ON 
CONTINUOUSLY.     WITHIN    THE  LIMITATIONS   OF   THE  SPECIFICATIONS. 
UNTIL    COMPLETTION  OF  WORK. 

INITIAL   (OR  PRIMARY.    OR  TEMPORARY)  SUPPORT  SHALL   BE  INSTALLED 
IN  ORDER   TO  PREVENT  EXCESSIVE  LOSS  OF  GROUND.    BECAUSE  OF  THE 
POSSIBILITY  OF  IRREGULAR  EXCAVATED   TUNNEL    SURFACES.    PROVISIONS 
ARE  MADE  FOR  DEALING   WITH  OVERBREAKS  BY  CONTACT  GROUTING. 
THE  CONTRACTOR  SHALL   UTILIZE  THE  SUPPORT  METHOD   THAT  IS  MOST 
SUITABLE  FOR  HIS  METHOD  OF  EXCAVATION.    OPERATIONS  AND 
EQUIPMENT.   AND   THE  TYPE  OF  GROUND  BEING  EXCAVATED 
THE  CONTRACTORS  SUPPORT  METHOD  SHALL   PROVIDE  A    TUNNEL    THAT 
IS  STABLE  AND  SAFE  DURING  CONSTRUCTION.    THE  CONTRACTOR  IS 
RESPONSIBLE  TO  SUPPORT  THE  GROUND   TO  PROVIDE  STABILITY 
DURING  CONSTRUCTION  AND  SAFETY  TO  PERSONNEL    AND   TO   TAKE 
PRECAUTIONS   TO  MINIMIZE  OVERBREAK  AND  SLAKING  AND   TO  PREVENT 
IMMEDIATE  OR  SUBSEQUENT  RAVEUNG  OR  SETTieMeNT  OF  ANY  MATERIAL. 
NOTES  ON   TUNNEL    SUPPORTS 


/59t3 


CONTACT  GROUT- 
TEMPORARY  DRAINACe  CHANNeL 


ALL   MATERIALS  USeD  IN  THE  TUNNEL   FOR  TEMPORARY  SUPPORT 
SHALL   BE  COMPATIBLE  WITH  RNAL   UNINC  AND  ARE  SUBJeCT  TO 
me  REVIEW  OF  THE  ENGINEER. 
-REMOVE  LOOSE  UNSAFE  GROUND/STRATA   BEFORE  INSTALLATION  OR 
ERECTION  OF  SUPPORT  BY  BARRING.   PRYING  OR  OTHER  METHODS 
WHICH   WILL   NOT  FURTHER  DETERIORATE  THE  IN-SITU  MATERIAL 
SHOTCRETE  SHALL   BE  USED  AS  LAGGING  BETWEEN  SETS. 
TYPICAL  APPLICATIONS  OF  THE  VARIOUS  INITIAL   SUPPORTING  METHODS 


TYPICAT     DOWN^iTFAM    TT/NNP '^-~  '^'^9'^^I'9-'^^    °ti'- >;_ P'^  contractor  ma Y  submit  AL TERNA TTVE 


SCALE:    1/2'  =    1' 


TYPICAL   OVERBEAR- 


STEEL   RIBS  OR  LATTICE 
GIRDERS  AS  REQUIRED 
BY  GROUND  CONDITIONS 


TIMBER  SPREADERS 
NOT  SHOWN.    REMOVE 
ALL    WOOD  SPREADERS 
PRIOR   TO  CONCRETING. 


INTTIAL   SUPPORT  SYSTEM(S). 

CROWN  BARS.    FOREPOUNG.   ROCK  DOWELS.    OR  SPILING  MAY  BE  USED 
IN  ANY  COMBINATION  WITH  e.g.    STEEL  SETS  OR  LATTICE  GIRDERS  OR 
SHOTCRETE  OR   WELDED   WIRE  FABRIC  AS  REQUIRED  BY  GROUND  CONDITIONS. 
NOTES  ON  DRAINAGE  AND   WATER  HANDLING  AND  PROTECTION 

GROUND   WATER  WILL   BE  ENCOUNTERED  DURING   TUNNELING.    WATER 
MAY  ALSO  BE  PRESENT  FROM  CONTRACTORS  OPERATIONS:  i.e.    FROM 
TYPICAL   CRi  WATERUNE  BREAKS.    LEAKY  HOSeS  USED  FOR  DUST  CONTROL.    ETC 
VENT  PIPE    WATER  ON  INVERT  CAN  MAKE  WORKING  CONDITIONS  DIFFICULT 

.-   THEREFORE  EVERY  EFFORT  SHALL   BE  MADE  TO  AVOID  STANDING 
^f'  WATER  ETTHER  CREATED  FROM  CONTRACTOR  OPERATIONS  OR  FROM 
^"  OCCASIONAL   INFLOWS  OF  GROUND  WATER.    CONTRACTOR  IS  TO  INSTALL 
""•AND  MAINTAIN  TEMPORARY  DRAINACE  FACILITIES  OF  ADEQUATE  SIZE, 
INCLUDING  STANDBY  PUMPS  FOR  EMERGENCY  USE,    TO  COLLECT  AND 
DISPOSE  OF  WATER  WHICH  ENTERS  THE  UNDERGROUND  EXCAVATIONS. 
WATER  SHALL   NOT  BE  PERMmeD   TO  STAND  AT  THE  TUNNEL   FACe. 
ON   me  INVERT,    OR  IN  WORKING  AREAS. 

CONSTRUCTION    TRAFRC    DEPENDING   ON  MACHINERY  USED   FOR 
EXCAVATION.    MAY  AFFECT  mE  INTEGRITY  OF  mE  INVERT   FOR 
CONSTRUCTION   TRAFnCABIUTY.    me  CONSTRUCTION  OPERATIONS  AND 
SEQUENCES  SHALL   BE  PLANNED  AND  IMPLEMENTED   TO  AVOID  EXCESSIVE 
DAMAGE  TO   mE  EXCAVATED  FLOOR  OF  TUNNEL    WHERE  mE  NATURAL 
GROUND  CONDITIONS  ARE  SUCH  THAT  INVERT  PROTECTION  IS 
NECeSSARY  TO  PREVENT  RUTTING,    TUNNEL   INVERT  PROTeCTION 
CONSISTING  OF  FimeR  GRAVeL   BLANK eT  OR  PReCAST  OR  POURED 
CONCRETE  WORK  SLAB  AS  APPROVED  BY  ENGINEER,   SHALL   BE  PLACED 
DRAIN  ROCK  MAY  BE  LEFT  IN  PLACE  PROVIDED  IT  IS  CONTACT  GROUTED 
mis  WORK  MAY  BE  PERFORMED  ON  WEEKENDS,   IF  APPROPRIATE  FOR 
METHOD   OF  TUNNEL    EXCAVATION. 

PREPARATION  OF  mE  FOUNDATION  SURFACE  FOR  mE  WORK  SLAB  SHALL 
BE  IN  ACCORDANCE  Wim  THE  CAST-IN-PLACE  CONCRETE  SPECinCATIONS. 
WATER  HANDLING  METHODS  USED  IN  ANY  COMBINATION,    SUCH  AS 
FORMATION  DRAINS,    PVC  PERFORATED  PIPE,   FLEXIBLE  HOSES,    PLASTIC 
SHEETING,    CORRUGATED  HBERGLASS  OR  METAL   PANNING.    WICK  DRAINS 
OR  ANY  OTHER   PROVEN   MEJHOO   OF  HANDLING    WATER   SHALL    BE   USED 
TO  ALLOW  mE  IMMEDIATE  SUPPORT  OF  GROUND  WHERE  NECESSARY 
AND   TO  PREVENT  mE  OCCURRENCE  OF  STANDING  WATER. 

STRUCTURAL    NOTES 


UUD  SLAB  AS  REOUIRL  CONCRETE  SHALL    BE  NORMAL    WEIGHT  CONCRETE  AND   HAVE  A    MINIMUM 
28  DAY  COMPRESSIVE  STRENGTH  (T'c)  OF  4000  PSI. 
REINFORCING  STEEL   SHALL   CONFORM  TO  ASTM  A6I5  GRADE  60  (fy-60ksi). 


PRECAST^^ 
CONCRETE  FOOTINGS 


PERFORATED - 
OR  SLOTTED  PIPE 


5  WELDED   WIRE  FABRIC  (PERMANENT  UPSTREAM  PORTAL   SLOPE)  SHALL 
CONFORM    TO  ASTM  A 185   FOR  SMOOTH   WIRES. 
-  DRAII  ALL   LAP  SPLICES  SHALL   BE  CLASS  B  AND  ALL   HOOKS  SHALL   BE 
ROCh  STANDARD   HOOKS  AS   DEFINED   BY  ACI  318. 


RIBS  AND  LAGGING 

NO  SCALE 


APPROVED   FOR 
CONSTRUCTION 


PRIMARY  OUTLET  WORKS 
TUNNEL  CROSS  SECTIONS 


wvispN  ocsoBPnoH 


J13 


TO^PORARY/INITIAL 


DETERMINED  BY  CONTRACTOR 
FOR  REVIEW  BY  ENGINEER 
(TYP) 


CONCRETE  nu 


TEMPORARY  DRAINAGE  CHANNEL 


TYPICAL  DOWNSTEAM  TUNNEL  CROSS  SECTION  TYPICAL  UPSTEAM  TUNNEL  CROSS  SECTION 

SCALE:    1/2-  •    r  SCALE:    //?'  «    /' 

FINAL  TUNNEL  CROSS  SECTIONS 


TYPICAL   OVERBEAK- 


STEEL  RIBS  OR  LATTICE- 
GIRDERS  AS  REOUIREO 
BY  GROUND  CONDITIONS 


RIBS  AND  LAGGING  TUNNEL 

NO  SCALE 

TYPICAL  TUNNEL  INITIAL  SUPPORT  CROSS  SECTIONS 


SHOTCRETE  AND  ROCKBOLTS  TUNNEL 

NO  SCALE 


MONTANA    DNRC 
TONGUE   RIVER   BASIN    PROJECT 

PRIMARY    SPILLWAY    &:    OUTLET   WORKS 


^"^  .. 


ESA   CONSULTANTS    INC. 


A.    GENERAL    NOTES   ON  EXCAVATION  AND   SUPPORT  METHODS 

1     ALL    TUNNEL    WORK   SHALL    BE  PERFORMED  IN  ACCORDANCE  WITH   THE 

PLANS  AND    THE  SPECIFICATIONS  AND   THE  FOLLOWING  NOTES 
2.     THE  WORK  SHALL    BE  PROPERLY  LIGHTED.    VENTILATED.    AND  DRAINED 


EXPERIENCE  IN  TUNNEL   DESIGN 

4     THE  TUNNEL    SHALL    BE  DRIVEN  Br  ONE  OR  t 
FOLLOWING  METHODS.    DRILL  AND  BLAST  HAND   ' 
SPADERS.    SMALL    BACKHOE.    ROAD  HEADER.    OR  SMALL    MUCKER '  AND 
LOW  PROFILE  LOAD  HAUL    DUMP   VEHICLES.    OR  ANY  OTHER  PROVEN 
METHOD  PROVIDED    THE  WORK  OF  DRMNC  IS  CARRIED   ON 
CONTINUOUSLY.    WITHIN   THE  LIMITATIONS   OF  THE  SPECinCATIONS 
UNTIL    COMPLEJION  OF  WORK 

5-    INITIAL    (OR  PRIMARY    OR   TEMPORARY)   SUPPORT  SHALL    BE  INSTALLED 


'  ORDER   TO   PREVENT  EXCESSIVE  LOSS   OF  GROUND    BECAUSE  OF  THE 
POSSIBILITY  OF  IRREGULAR  EXCAVATED   TUNNEL    SURFACES.    PROVISIONS 
ARE  MADE  FOR  DEALING   WITH  OVERBREAKS  BY  CONTACT  GROUTING 

'  SHALL    UTIUZE  THE  SUPPORT  METHOD    THAT  IS  MOST 


SUITABLE  FOR  HIS  METHOD  OF  EXCAVATION.    OPERATIONS  AND 

EOUIPMENT.  AND  THE  TYPE  OF  GROUND  BEING  EXCAVATED 

THE  CONTRACTOR'S   SUPPORT  METHOD   SHALL    PROVIDE  A    TUNNEL    T>1AT 


IS  STABLE  AND  SAFE  DURING   CONSTRUCTION    THE  CONTRACTOR  IS 
RESPONSIBLE   TO  SUPPORT  THE  GROUND   TO  PROVIDE  STABILITY 
DURING  CONSTRUCTION  AND   SAFETY  TO  PERSONNEL   AND   TO    TAKE 
PRECAUTIONS   TO  MINIMIZE  OVERBREAK  AND  SLAKING  AND   TO  PREVENT 
IMMEDIATE  OR  SUBSEQUENT  RAVEUNG  OR  SETTIEMENT  OF  ANY  MATERIAL 

B.  NOTES  ON   FUNNEL    SUPPORTS 

I-    ALL   MATERIALS  USED  IN 

SHALL    BE  COMPATIBLE  * 

THE  REVIEW  OF  THE  ENGINEER- 
2     REMOVE  LOOSE  UNSAFE  GROUND/STRATA   BEFORE  INSTALLATION  OR 

ERECTION  OF  SUPPORT  BY  SARRlNC.    PRYING  OR  OTHER  METHODS 

WHICH   WILL   NOT  FURTHER  DETERIORATE  THE  IN-SITU  MATERIAL. 
J.    SHOTCRETE  SHAU   BE  USED  AS  LAGGING  BETWEEN  SETS 
4     TYPICAL   APPUCATIONS   OF  THE   VARIOUS  INTTIAL   SUPPORTING  METHODS 

ARE  INFORMATIONAL    ONLY.    THE  CONTRACTOR  MAY  SUBMTT  ALTERNATTVE 

INITIAL    SUPPORT  SYSTEM(S). 
5-    CROWN  BARS,    FOREPOUNG.   ROCK  DOWELS.    OR  SPIUNG  MAY  BE  USED 

IN  ANY  COMBINATION   WTTH  e.g-    STEEL   SETS  OR  LATTICE  GIRDERS  OR 

SHOTCRETE  OR  WELDED  WIRE  FABRIC  AS  REQUIRED  BY  GROUND  CONOmONS 

C.  NOTES   ON  DRAINAGE  AND   WATER  HANDUNG  AND  PROTECTION 

I     GROUND   WATER  WILL   BE  ENCOUNTERED  DURING   TUNNEUNG.    WATER 
MAY  ALSO  BE  PRESENT  FROM  CONTRACTORS  OPERATIONS;  i.e.    FROM 
'ATERUNE  BREAKS.    LEAKY  HOSES  USED   FOR  OUST  CONTROL    ETC. 


WATER  ON  INVERT  CAN  MAKE  WORKING  CONDTTIONS  DIFFICULT. 
THEREFORE  EVBiY  EFTVRT  SHAU  BE  MADE  TO  AVOID  STANDlh 
WATER  ETTHER  CREATED  EROM  CONTRACTOR  OPERATIONS  OR  FROM 


INCLUDING  STANDBY  PUMPS  FOR  EMERGENCY  USE  TO  COLLECT  AND 
DISPOSE  OF  WATER  ¥THICH  ENTERS  THE  UNDERGROUND  EXCAVATTONS. 
WATER  SHAU   NOT  BE  PERMTTTED   TO  STAND  AT  THE  TUNNEL   FACE. 


SHALL   BE  PLANNED  AND  IMPLEMENTED  TO  AVOID  EXCESSIVE 
DAMAGE  TO    THE  EXCAVATED  FLOOR  OF  TUNNEL    WHERE  THE  NATURAL 
GROUND  CONDITIONS  ARE  SUCH   THAT  INVERT  PROTECTION  IS 
NECESSARY   TO  PREVENT  RUTTING.    TUNNEL   INVERT  PROTECTION 
CONSISTING  OF  EITHER  GRAVEL   BLANKET  OR  PRECAST  OR  POURED 
CONCRETE  WORK  SLAB  AS  APPROVED  BY  ENGINEER.    SHALL   BE  PLACED. 
DRAIN  ROCK  MAY  BE  LEFT  IN  PLACE  PROVIDED  IT  IS  CONTACT  GROUTED 
THIS  WORK  MAY  BE  PERFORMED  ON   WEEKENDS.    IF  APPROPRIATE  FOR 
METHOD   OF  TUNNEL    EXCAVATION. 

J.    PREPARATION  OF  THE  FOUNDATION  SURFACE  FOR   THE  WORK  SLAB  SHALL 
BE  IN  ACCORDANCE  WITH   THE  CAST-IN-PLACE  CONCRETE  SPEOFICaTJONS 

4     WATER  HANDUNG  METHODS  USED  IN  ANY  COMBINATION.    SUCH  AS 

FORMA  HON  DRAINS.    PVC  PERFORATED  PIPE.    FIEXIBLE  HOSES.    PLASTK 
SHEETING.    CORRUGATED  HBERCIASS  OR  METAL   PANNING.    WtCK  DRAINS 
OR  ANY  OTHER  PROVEN  METHOD  OF  HANDLING   WATER  SHALL    BE  USED 
TO  ALLOW  THE  IMMEDIATE  SUPPORT  OF  GROUND   WHERE  NECESSARY 
___    __  ^^  STANDING  WATER. 


7     CONCRETE  SHALL   BE  NORMAL    WEIGHT  CONCRETE  AND   HAV 

ZS  DAY  COMPRESSIVE  STRENGTH  (Fc)  OF  4OO0  PSl. 
2    REINFORCING  STEEL    SHAU    CONFORM  TO  ASTM  A6I5  GRADE  60   Cfy=60tai)- 
J.    WELDED   WIRE  FABRIC  (PERMANENT  UPSTREAM  PORTAL    SLOPE)   ^iALL 


STANDARD  HOOKS  AS  DEFINED  BY  * 


APPROVED   FOR 
CONSTRUCTION 


PRIMARY  OUTLET  WORKS 
TUNNEL  CROSS  SECTIONS 


J13 


4'-6' 


UPSTREAM  SECTION 

SCALE:  1/4' =   f-0' 


ON  SHT  S-50  ARE  CENEFAUY  APPUCABLE:  HOWEVER    THE 
THE  HNISHED  TUNNEL  IN  WE  IRANSmONS  mi  REQUIRE 
mANSmON.    THE  CONTRACTOR  UAY  UODIFY  THE  SHAPE  OT 

OWN  ON  SHT  S-50  TO  FACILITATE  CONSTRUCTION.  SEE  SHEETS 

TURE  aUENSIONS  IN  THE  TRANSITION  AP£AS_ 

ONE  FOR  THE  TUNNEL,   TRANSITION  SECTIONS,  AND 
LED  WITH  THE  STRUCTURE  AND  CEUENTTTKX/S 
■  WATEP  RESISTANT  STRUCTURAL  STSTEU  WITH  THE 
T  CONCRETE  SH4LL  BE  PLACED  DIRECRY  AGAINST 
WY  EXCAVATION  SUPPORT  SYSTEMS   CONTACT 
fEEN  STRUCTURE  AND  ROCK  SHAU  BE  COUPLETED 
OF  THE  SPEOnCATIONS.  IN  UEU  OF  PIAQNC 
E  VERTICAL  EXTERIOR  SURFACES  OF  THE  SHAFT 
C.  AND  CONCRETE  BACKFILL   TO  COUPLETE  THE 


OF  SILTSTONE  SHALL  BE  FORUED  AND  RCC 
?  CONCRETE  SURFACE. 


APPROVED   FOR 
CONSTRUCTION 


OVMCD  WOTCS.  «D0OIDUU  /).  ll[u   I? 


~RY  OUTLET  WORKS  GATE  STRUCTURE 

PLAN  AND  SECTIONS  J 15 


C-17 


I 

I 
I 
I 
I 
I 


UPSTREAM  SECTION 

SCAl£-  1/4'  =   f-0' 


.  ON  5HT  S-50  AKE  CENERAUY  APPUCABUj  HOtKVER.    THE 

THE  nmsHED  niNNa  m  me  mANsmoNS  mi  require 

TRMSmON,   THE  CONTMCTOR  U/kY  UODirY  THE  SHAPE  OF 
OWN  ON  SHT  S-50  TO  FACILITATE  CONSTRUCTION.  SEE  SHEETS 
JURE  aUENSIONS  fl  THE  TRANSmON  AREAS. 

■ONE  FOR  THE  TUNND,   TRWSTTKW  SECTIONS,  AND 
LID  WITH  THE  STRUCTURE  AND  CEUENimOUS 
■  WATER  RES/STANT  STRUCTURAL  SYSTEU  WITH  THE 
T  CONCRETE  SHAU  BE  fHACED  DIRECTLY  AGAINST 
WY  EXCAVATION  SUPPORT  SYSTEMS   CONTACT 
«EV  STRUCTURE  AND  ROCK  SHAa  BE  COUPLETED 
DF  THE  SPEanCATIONS.  IN  UEU  OF  PLAQNG 
E  VERTICAL  EXTERIOR  SURFACES  OF  THE  SHAFT 
«•  AND  CONCRETE  BACKFILL   TO  COUPOTE  THE 


OF  SILTSTONE  SHALL  BE  FORUED  AND  RCC 
?  CONCRETE  SURFACE. 


APPROVED   FOR 
CONSTRUCTION 


avKca  NOTci  <a)CHDuu  /<.  nEy  i? 


~^Y  OUTLET  WORKS  GATE  STRUCTURE 
PLAN  AND  SECTIONS 


J15 


C-17 


APPROVED   FOR 
CONSTRUCTION 


)UTLET  WORKS  DOWNSTREAM  AREA 
PLAN 


J17 


S-69 


€^ 


t  AT  FVP 

JJ7I.0) 

X}WN 


JO'-O' 


1 

STA  POW  7*^59.57    , 
N  425.402.9J  ' 

f  2.704,715.99         \ 


TOP  OF  SLAB 

►  /•_^-"<af     Bjy  JJ42.0 


J 


25'-0' 


TOP  or  SLAB 
£1£V  JJ42.0 


CHAwg  Loctnow  Of  8"  oftm.  AoocicuM  /I.  mu  J2 


APPROVED   FOR 
CONSTRUCTION 


)UTLET  WORKS  DOWNSTREAM  AREA 
PLAN 


J17 


S-69 


STA  ROW  6+86.8i 
N  425.337.67 
C  1704.683.90 


STA  POW  7+15.81 
TOP  or  WALL 


I  EL  3374  W^,^TOP  Of  WALL     8'  DRAJN^ 


rrpe  a  '  slab  anchors 

a  8-0'  OC  -  SEE  SH£n 
S~20  FOR  SLAB  ANCHOR 
OnAJL   (S/WtAR)^yr 


4J'-e  3/8-  - 


^(l  2'  OmN 

AROiM)  ACCESS 
PtATFORy  (EUy  3375) 
BXE  OF  OeyOUTKN  OF  EXJSTKC  SPUMUr  SLAB 
(WE  OF  FOOTING) 
^  "11  2'  DRA/N 


-  UPSTREAM  FACE  OF 

uoofFm)  Emmi 

SHT  S~86 


mrh  Eiww  turned  oomt 


STA  PS  1 4*66.97 
N  425.3ft. 88 
E  2.704.746.82 


o  12'  FROu  SPtimr 

mvi  tfTO  /^AffOK 
mvi  ANO  FOOTING 


NEW  PRtUARY  SPUmr  FUP  BUCKET 


PLAN 


APPROVED   FOR 
CONSTRUCTION 


"Bwar       iMii       ffiffliB 


MONTANA   DNRC 
TONGUE   RIVER   BASIN    PROJECT 

PRIMARY   SPILLWAY   &   OUTLET  WORKS 


ESA   CONSULTANTS    INC. 


OUTLET  WORKS  DOWNSTREAM  AREA 
PLAN 


'•  //.'//.y 


'■  if.  win   'i^ 


'L'ktti 


—  "  .■     /    ■    . 


/  ■'        // V.-7/^'7//''7 '■'■'■  ■/        /    *'\\'aV>.\ 

/  -'      <7.'' 'A -■'/'' ■■/////.•  // 

•/    r^:/  'Hi  li-i !: ■  : 


--^-- 


ii//l/^/f'/-''l:; 


r\  REuo/E  oasniK  concrew  surfm  t 

USING  mCH  PRESSURE  WATER  JETTIi  G 
EUUE  CONCRETE.      "KEY  IN'  UPSTR£»U 
DEPTH  Bf  I'-r  LENGTH  AND  TAPE^l 
yyVRAIMJCAir'  SUOOTH  TRANSmON 
'CUNITE'  TO  BE  EQUAL  OR  SMOOTH^ 


APPROVED   FOR 
CONSTRUCTION 


tfxxi  Hon.  AOOCKOKi  f\  inu  ;6 


AUXILIARY  OUTLET  WORKS 
PLAN  AND  PROFILE 


J19 


C-lf 


(T)  REMOVE  EXSTIKG 
USING  HIGH  PR.":: 
niUE  CONCROt 

D£pm  Br  t 

"HYDRAIMJCALr" 
'GUNlW  TO  BE 


«1)0CD  NOlt.  ADOCIIOyil  (I  ina  ?6 


AUXILIARY  OUTLET  WORKS 
PLAN  AND  PROFILE 


J19 


C-lf 


4i^_ 


^/tS^Ttp/ZA/  ^j^:::>^£0cyc>  a^^c/A^r/^s 


jCt^^  /^/B  /e?£>^-C 


Cv\'^  /VSUM 


To  accofrtpony   C O-^/^ 


J21 


I 
I 
I 
I 

M 
I 
I 


m 


I 

1 

3: 

!■ 

s~ 

fl 

-Q 

>, 

fl'^ 

c 

^ 

^ 

-D 

q' 

^ 

5 

1? 

5 

> 


/S'/dS./rTCP.e'/v  ^/G«=>ftiriee>5C  c£:>cyA/77^5 


To  occofrt/xjny   C O-^/^ 


J21 


|'^i«-£^ 


J21 


PLAN  SECTION  OF  MIDDLE  PIER 


APPROVED   FOR 
CONSTRUCTION 


SECTION  OF  INLET 
LOOKING  DOWNSTREAM  AT  TUNNEL   \ 

soif.  i/4'-r-o' 


TARY  OUTLET  WORKS  INTAKE  STRUCTURE 
INLET  BULKHEAD 


J23 


S-90 


I 


m 


i 


PLAN  SECTION  OF  MIDDLE  PIER 


SOLE;  3/4'-r-0' 


APPROVED   FOR 
CONSTRUCTION 


SECTION  OF  INLET 
LOOKING  DOWNSTREAM  AT  TUNNEL   \ 


TARY  OUTLET  WORKS  INTAKE  STRUCTURE 
INLET  BULKHEAD 


J23 


S-90 


NEW  36'  DIA  MR  VENT 


APPROVED   FOR 
CONSTRUCTION 


LIARY  OUTLET  WORKS  GATE  STRUCTURE 

I  PLAN  J25 


C-19 


^ 


> 


NEy/  J6'  DIA  AK  VENT 


APPROVED   FOR 
CONSTRUCTION 


JARY  OUTLET  WORKS  GATE  STRUCTURE 

PLAN  J25 


C-19 


/ 

-I— + 


NEW  36'  m  AIR  ti&r 


GATE  CHAMBER  SECTIONAL  PLAN 

SCV£:  1/2'  =  f~0' 


APPROVED   FOR 
CONSTRUCTION 


MONTANA    DNRC 
TONGUE   RIVER   BASIN   PROJECT 

PRIMARY   SPILLWAY   &   OUTLET   WORKS 


!        ESA   CONSULTANTS    INC. 


AUMUARY  OUTLET  WORKS  GATE  STRUCTURE 

P^  J25 


WELDED  SCREEN  -   1/ 

O  2'  OC  wm  EDGE 

AND  M 


EXISTING  INVEKT- 
ELEV  JJ54.4± 


APPROVED   FOR 
CONSTRUCTION 


wvscM  ocsciwmoM 


'ARY  OUTLET  WORKS  GATE  STRUCTURE 
SECTION 


J27 


C-20 


*'M 


WODID  SCREEN  -   1/ 

O  2'  OC  wm  EDGE 

AND  M 


EXISTING  INVERT- 
ELEV  Xi54.4± 


-INVERT 
<4± 


APPROVED   FOR 
CONSTRUCTION 


'ARY  OUTLET  WORKS  GATE  STRUCTURE 
SECTION 


J27 


C-20 


X  24'  FlANCeO  €LBOi 


HWXD  SCRiEN  -  1/2'  SARS- 

o  2'  oc  wrm  evce  bmdinc 

AND  GALVAMZW 


COSTING  ItWEm— 


SECTION 


APPROVED   FOR 
CONSTRUCTION 


MONTANA    DNRC 
TONGUE    RIVER   BASIN    PROJECT 

PRIMARY   SPILLWAY   &   OUTLET   WORKS 


# 


"^ ..... 


ESA   CONSULTANTS    INC. 


AUXILIARY  OUTLET  WORKS  GATE  STRUCTURE 
SECTION 


SCALEM  FgT 

SCM.C  I  1/2'=  r-0- 


Cc:Mt<- 


,t).«.  \^aH  U^"   '"^'^'^^ 


JV  \UBRITE'  BEf 


-A 


IS' »  wHcns 


END  VIEW 


SECTION  B-B 


APPROVED   FOR 
CONSTRUCTION 


EMERGENCY  (FIXED  WHEEL)  GATE 
ASSEMBLY  DRAWING 


J29 


C-21 


f{ 


♦ ' 


#*l 


I  8'  16" 

SCAIC  I   1/2'=  f-0' 


iomv^ 


j).«.  Wv^ k^-"  /n«^'^'^ 


y«  tUBRITE'  BO 


SECTION  B-B 


APPROVED   FOR 
CONSTRUCTION 


END  VIEW 


EMERGENCY  (FIXED  WHEEL)  GATE 
ASSEMBLY  DRAWING 


J29 


C-21 


Sai£:  I  //?■-/ -O' 


J'0  XumTE'  BOfilNG- 


END  VIEW 


CoMtc 


^m^  halK  Ue^  W'-^^ 


SECTION  A-A  SECTION  B-B 


ROTATE  *Mn  AXIIS  UNTIL   WHEEL 
TREADS  A/iE  mTmt  TOURWCES 
SPEOHED.  THEH  ORfU   1/2'  STWEWf 


ELEVATION 


APPROVED   FOR 
CONSTRUCTION 


MONTANA    DNRC 
TONGUE    RIVER    BASIN    PROJECT 

PRIMARY   SPILLWAY    &    OUTLET   WORKS 


)        ESA   CONSULTANTS    INC. 


EMERGENCY  (FIXED  WHEEL)  GATE 
ASSEMBLY  DRAWING 


J29 


®9  ® 

90   GAL-ON   (X2)  1  FTIr 

DRY  NireoCEN  T  LsJ 

PRECMARGE   OF    1500   psi.  ^-^    X  ^ 

(CHARCEO   IN   nilD   BY   OTHERS)       (j?)  ^X 


^^'® 


-oC} 


@ 


PORT   G    -^    SAE-ia 


DO   CAtLHN 

ACCUMULATOR 

(X3) 


@ 


GAS   RELIEF 

RV    3 

ST  t  aioopti 


@ 


Ml    bh-LCS   AND   SPECIAL   INSTRUCTIONS 


1£51  EBSCLEUHL STANDARD 

miNESS  lUT..      _tti 

PUPLICAH  UMIi hQ__ 


1® 


(gf     @t     @f     @^ 


^ 


hakf:  e  ibooq^j 

aafAK  •  2D03p»l 


0J20   WALL   TUBING 


iCI 


ACCUmJLATDB 
QJSCHARGf:   RATr 
CONiaOL    VALVE 


U 1  , 


"I 


SYSTEM  PRESSURE 


@, 


®         f 


@ 
@ 
© 


®; 

®; 


PAINT   COLOR: 


SPECIAL   INSTRUCTIONS; 


nPL_mLPU^m|^rjII]gg|::  ;:_£ARlQa  SUEUIUMMCAMD  PARKER  SFAl -I  liZlEmiNCl 

"       TYPT' 


PETROLEUM   BASED   ISO   32  " 


_  COOLING    REQUIREMENT:    1        nQtjf 

_pBISgyczcusTgMCR  LABEBOriaojit^LN^TAjJCAMJErums: 


_5flfltN5£fULUI^_ 


MOTC:  ALL  SV5TEM  SH  PQIHT3  AHD  PEHfOHMAHg  VAUJCS  ARE 
REVISIONS 


5X  UNmS  OTMEflWISE  SPECIFIED  OK 


ftS-BUlLT  REVISIONS 


FIFLD  MnniFIC^TinNS  PCR  ARMA 


TY 

DESCRIPTION 

PRDDUCT  ND. 

HPU  Valve  Enclosure  (NENA  IS 

5a-304B10LP 

Drip  pon/base 

DP-a4*X66'Xa'X3/16' 

150  (iQllon  JIG  Style  Reservoir 

100130 

nilcr  /  Breather 

w/Reservor 

End  Cover 

w/Reservoir 

ate  Cage 

G610-18-A-: 

Suction  Strolner 

10-1-100 

Lo»  Pressure  Suction  Ball  Valve 

VP502P-16 

Suction  Boll  Volve  LWt  Sfltch 

BZE6-2R0 

Rcservok-  Heater  (2000  Vott) 

BGS717J7S4 

Reservoir  Drain  Ball  Volve 

V500P-I2 

Tenqeroture  /  Level  S»itch 

TL008-140F 

Motor  lOHP.  480VAC,3PH,  60HZ 

CM3774T-M9A 

Geor  Punp  6,4CPM  t  200OPS1 

PZG2AR140S1 

Horiz.  Motor  Mount 

Miaa47?A 

Coupling  Holf 

?00-5/B-X-5/3e 

Coupling  Half 

200-1-3/B-X-5/16 

Coupling  Insert 

a70 

Vibrotlon  Isolation  Patis 

RD-2GRAr 

High  Pressure  Isolotloh  Ball  Volve 

BVHP12SSS1NA 

Pressure  Gage  (0-3000  PSD 

CFIP-JIOA 

Metering  Volve 

HV4I10S 

Flow  Meter  /  Switch 

682-310 

Return  niter 

50AT10CN55DDU 

Return  Filter    Gauge 

923472 

Return  Filter     Siltch 

926923 

Check  Volve 

C1220S 

Check  Volve 

C620S 

Relief  Volve 

RAI0IS30 

Relief  Volve  Body 

B10-2-8T 

Subplote 

AD03SPSI2S 

P,a  Check  Volve 

cpoHaira 

Nonapok  Flo»  Control 

FMSm 

Oirpctlonol  Control  Volve 

Bivw4r>:vv'r' 

Qirectionol  Control  Valve 

DSI21CRI-<:u 

Directtonal  Control  Valve  Body 

B12-2-12T 

DIrectionol  Control  Volve  Coil 

851019-120VAC 

Flo*  Control 

N1220S 

Cord  Connector 

E452N30012C4L 

Hand  Punp 

PJA-LR 

Roi  Control 

F1620S 

Velocity  Fuse 

RBXB-1'  NPl-10  GPM 

Accunulator  Stond 

AS-3X20GAL-98-969b/6 

20  Gallon  ASME  Piston  Accunulator 

fl9L4620D3KTE/TD 

Oil  Pressure  Switch 

B36T-r352J 

Drain  Volve 

MV820S 

Oos  Bottle  Stand 

GBS-2X90GAL-98-9695/6 

%  Gallon  Gas  Bottle 

BB20790B3T1S30 

Gas  Pressure  Switch 

10E14 

Gas  Pressure  Coge  (0-30(10  PSD 

CF1P-210A 

Gas  Pressure  Relief  Volve 

2CRV-00 

High  Pressure  Isolotlon  Ball  Volve 

BVHP12NSS1NA 

Press  Reducing  Volve 

PR101S30 

Directional  Control  Volve 

0S12INRM 

MANUFACTURER 

McKlnstry 

Sorensen 

Vescor 

Vest  or 

Vescor 

Lube  Devices,  Inc. 

Flo-Ezy 

Porker 

Hlcroswltch 

Votlow 

Parker 

APCQ 

Boldor 

Porker 

Hagnaloy 

Hognoloy 

Hagnoloy 

Hagnalay 

Korfund 

Porker 

PDI 

Porker 

Hedland 

Parker 

Parker 

Parker 

Porker 

Parker 

Parker 

Parker 

Donon  Products 

Porker 

Porker 

Parker 

Parker 

Porker 

Porker 

Parker 

Norstot 

Star 

Hycon 
Sorensen 
Parker 
Alien- Brodley 

Sorensen 

Porker 

United  Electric 

PD! 

Hydro  Seal 

Parker 

Porker 

Porker 


TS-l/LVS-1  6.4   G=M  , 

140-   F    HIGH    TEMP,    g   2000   psi  i 
LOW   DIU  LEVEL 


^OTE: 

©     1)  ITEMS   #8   AND   #20  ARE  PAD   LOCKABLE 

®_j  2)  riPU   VALVE   ENCLOSURE   HAS   A  LOCKING  HANDLE 

®i    3) 

.©; 

[K]   =   NORMALLY  OPEN   VALVE 


=   NORMALLY  CLOSED   VALVE 


STEEL-FAB  INC.   TONGUE  RIVER 
F   5  )  (J0B<l98-9695-96)  (CA0#STE£L49A    ) 


J31 


HYDRAUUC  SCHEMATIC 


'}   k 


MH 


®9  ® 

90   GAUON   (X2)  1  F^  pr_3 

DRY  NITROGEN  T  LLi  ^ 

PRECHARCE   Of    ISOO   ps.^  ^^     1  ?II^nl:"^'' 

(CHANCED   IN   REID   BY   OTHERS)       (22)  ^X 


-oC} 


@ 


PORT   G    -■-    SAE-12 


@= 


® 


lESil-PfiOCICUK^ 

miNEss  iutl 

BUPilCAJi    UNIT; 

TYPE_Of_PLyMaiNG    i    FiTTINCS: 

Sl/E  JfESTRICriONsV 

PIL_IYPE: 


UNIT   SPECS   AND   SPECIAL   INSTRUCTIONS 


@'f  @^  @|  @| 


di 


^ 


HAKr  e   IBOOpsl 


r  OLl£d  WALL  TUBING 


®C1 


ACCUMUL^TQB 
OISCHARGC   RATT 
CONIROL    VALVE 


@, 


®      @ 

SYSTEM   PRESSURE   (x 


7^u 


^_j ?L 


TS-l/LVS-1 
140-   F    HIGH   TEMP,     g   aSoO   Ps'l 
LOW   OIL   LXVE^ 


SPECIAL  INSTRUCTIONS 


STANDARD 


CARBON  STEEL  TUBING  AND  PABKfR  SEAL -1  (IK  riTTIur..; 

NONE 


fllRQLEUM   BASEP   ISO   i7  ' 


,PAINT   COLOR:.    _  5Qfi015£|Lfl 


_^QR(.NSIN   STANDARD   HPU   lARri-j 


.   SYSTCM   Sn    P04MIS  WO    PtBFOHMAWCT   VALUCS   AK 


ALL    WIRING   rnOM    HYDRAULIC    UNIT  TO   ELECTRICAL   BOX 
IS    TO   BE   IN    SEAL-TITE   CONDUIT. 


I  liHim  oiHtawisi  sKcincD  om  mi  schcmatic. 


11/11/98 


4/18/01 


>\S-BU1LT  REVISIGNS 


FICLD  MODinCATinNS  PCR  ARMA 


3TY              DESCRIPTION 

PRQDUCF  NO, 

1      HPU  Volve  Enclosure  (NOW  12) 

58-304210LP 

1      Drip  pan/base 

DP-94'X66'X2'X3/I6* 

1      131  Gullcin  JIC  Style  l^esprvolr 

I0OI30 

I      Filler  /  Breather 

?     End  Eover 

t/Reservolr 

1      ate  GQQe 

G610-)8-A-l 

S      Suction  Strainer 

10-1-100 

J     Lq»  Pressure  Suction  BaU  Valve 

VP502P-16 

?     Suction  Boll  Valve  Linlt  S»ltch 

nib-ma 

1      Reservoir  Heater  (£000  Vott) 

8GS717J7S4 

1      Reservoir  Droln  Ball  Valve 

V500P-12 

1       Tenperature  /  Level  Switch 

TL0OB-14OF 

S      Motor  low,  480VAC,3PH,  (Ml 

CM3774T-M9A 

e      [ieor  Punp  6.4GPH  i  2000PS1 

PZG2AR140S1 

2     rtorii  Motor  Mount 

M182472A 

i      Coupling  Holf 

2(l0-5/8-X-5/32 

2     Coupling  Holf 

200-1-3/8-X-5/16 

2     Coupling  Insert 

270 

8     VIbrotlon  Isolation  Pads 

RD-2GRAy 

7      Ugh  Pressure  Isolotlon  Boll  Volve 

BVHP12SSS1NA 

2     Pressure  Gage  (0-3000  PSD 

CF IP-JIOA 

3     Netertig  Valve 

HV400S 

1      Floi  Meter  /  Stitch 

682-510 

1      Return  Filter 

50AT10CN25IDL1 

I      Return  Filter     Gouge 

923472 

1      Return  RIter    S<ltch 

926923 

5     Dieck  Valve 

C1220S 

1      Check  Volve 

C620S 

3      Relief  Volve 

RA10IS30 

2     Relief  Volve  Body 

610-2-8T 

1      Subplote 

AD03SPS12S 

1      PJl.  Check  Volve 

CP0M2DD 

1      Monapok  Flot  Control 

FM2I1D 

1      a-ectlonol  Control  Volve 

MVW4r»:»'vr." 

3      Directional  Control  Voive 

DSI21CR 1-211 

4     Cirectlonol  Control  Volve  Body 

B12-2-I2T 

4     Directional  Control  Volve  Coil 

a51019-120VAC 

2      Roi  Control 

N1220S 

6     Cord  Connector 

E452N30012C4L 

!      Hand  Punp 

P3A-LR 

!      no«  Control 

F1620S 

1      Velocity  Fuse 

RBXB-1'  NPl-10  'jPM 

!      Accunulotor  Stond 

AS-3X20CAL-98-969b/6 

3     20  Gollon  ASME  Piston  Accunulotor 

A9L4620D3KTE/TD 

1      Oil  Pressure  S.ltch 

836T-T352J 

5     Droir  Volve 

HVa20S 

1      Gas  Bottle  Stond 

GBS-2X90GAL-98-9695/6 

2     90  Gallon  Gas  Bottle 

BB20790B3T1S30 

1      Gas  Pressure  Siltch 

10E14 

1      Gos  Pressure  Goge  (0-3000  PSD 

CF1P-210A 

1      Gos  Pressure  Relief  Volve 

2CRV-00 

3     High  Pressure  Isolation  Boll  Volve 

BVHP12NSS1NA 

1      Press  Reducing  Volve 

PR101S30 

1      Directional  Control  Volve 

DSI21NRM 

MANUFACTURER 

McKlrstry 

Sorensen 

Vescor 

Vescor 

Vescor 

Lube  Devices,  Inc. 

Flo-Ezy 

Porker 

H)cros«ltch 

Votloi 

Parker 

APCD 

Boldor 

Porker 

Hognoloy 

Hognaloy 

Hognoloy 

Hognoloy 

Korfund 

Porker 

PDl 

Porker 

Hedlond 

Porker 

Porker 

Porker 

Porker 

Porker 

Porker 

Danon  Products 

Porker 

Porker 

Parker 

Porker 

Parker 

Porker 

Parker 

Norstot 

Stor 

Hycon 

Sorensen 

Parker 

Allen- Brodley 

Porker 

Sorensen 

United  Electric 

PDI 

Hydro  Seal 

Porker 

Porker 

Parker 


®     1)  ITEMS 

®_^  2)  HPU   VALVE   ENCLOSURE  HAS   A  LOCKING  HANDLE 


AND   #20   ARE  PAD   LOCKABLE 


^)   M   =   NORMALLY  CLOSED  VALVE 
[X]   =   NORMALLY  OPEN   VALVE 


©d 


STEa-FAB  INC..   TONGUE  RIVER 
F   5  )  (JOBJ  98-9695-96  )  (CAD»  STEEL49A    ) 


e  Hope  Group 

i'«  IMll  i«J-iuo  >^   IMW  3» 


J31 


hydrauuc  schematic 


J 


TEST    PBOCEOURE: 

SIANRARD 

TYPE    OF   PLUKOING   >    FiniUGS; 

SIZE    PESTSICTIONS; 

O^0*'3e"  l»™s?i!L-"SE"*M»D"""  ™   """'"^  »<" 

REVISIONS 

CHG.    Bl 

u/n/98 

CK 

K-BUILI  REVISIONS 

VIB/M 

CK 

riELD  KDDIFIMTIONS  PCR  ARMA 

GATE    1 

UNDEB  (XI) 

AUXIUAffr   OUTLET  WORKS 

nATT    1 

SUDE^WTE  CYUNOEB   (XI) 

GATE    2 

HOLLER   GATE  D 

^INOEB  (XI) 

AUXIUAR.   0,«LET  «0»KS 

GATE   ; 

ROLLER  GATE   CI 

UNDER   (XI) 

DESCRIPTION 

PRQDUCr  NO. 

5B-3ME10U' 

Hdftistry 

Drip  pan/base 

0P-«'X66TeX3/16' 

150  Gallon  JIC  Style  ftesfTvolr 

GfilO-lB-Vl 

Loi  FVes5ir«  Suction 

.U  valve 

StS-ie 

no-Ezy 

KE6-ao 

Hesepvoir  Heater  taiM 

ResepvQ»-  DraH  Ball  V 

Motor  ICWP,  *BOVACJPH,  MHZ 

043774T-M9A 

(iear  Pu^p  6.4{3>H  i  20 

PZG£«a«Sl 

CoupUng  Half 

W8247E* 
S0O-5/8-X-5/32 

Kagncloy 

200-l-3/B-X-5/lfi 

R2-20Mr 

Hognftloy 

Ugh  Pressure  [sdaflon 

Ball  Valve 

Pressure  Gage  (0*3000 

PSD 

?^mS" 

flai  Heter  /  Sfttch 

6e^5lo 

Return  niter     Gauge 

Return  Filter     S»ltdi 

Check  Vaive 

ci^as 

Porker 

caaos 

Relief  Volve  Bo<*y 

BIO-S-BT 

Parker 

Nonopak  noi  Cortro! 

FKan 

Parker 

Directto/ifll  Contra  Vo 

ve 

DSiaCKf-rt 

ve  Body 

B12-e-lST 

Rot  Cortrol 

N122DS 

Parker 

Kind  Punp 

P3A-LR 

st^* 

Velodiy  Fuse 

ccumiatn 

aa  Pressure  S»ltch 

a^6^-^3i^J 

GBS-a90GflL-98-%95/ 

BBai790B3TlS30 

10£H 

Gas  Pressu^  Gage  (0 

Gas  Pressure  Relief  ^ 

Ugh  Pressure  Isoiatlor 

Boll  Valv, 

Press  Reducing  Valve 

DU-ectioftol  Control  Va 

ve 

0S12LMW 

Porkw 

NOTE: 

1)  ITEMS  #8  AND   #20  ARE  PAD  LOCKABLE 

2)  riPU  VALVE  ENCLOSURE  HAS  A  LOCKING  HANDLE 
^)   M   =   NORMALLY  CLOSED  VALVE 

[Xj   =   NORMALLY  OPEN   VALVE 


©0© 


OPERATOR  INTERFACE  TERMINAL  (OIT) 
MODULE  3Z00 


m 

\^\ 

m 

i 

m\ 

^ 

\m\ 

m\ 

Sdidi 


^z?^ 


REMOTE  CLOSE 
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DETAIL 
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SS  HAROmRE  CLOTH  TO  END  OF  PIPE  WITH  SS  BAND. 
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THE  CONTACT  SURFACES  BETWEEN  THE  OGEE  BASE  AND  OGEE 
SECTION  SHAU  BE  UEANED  BY  SANDBLASTING  PRIOR  TO 
PIACJNG  THE  CONCRETE  IN  THE  OGEE  SECTION 


CURING:  THE  OGEE  SECTION  CONCRETE  SHALL  BE  CURED 
BT  "WET  CURING  ' 

(?)  PLACE  BRASS  UONUUENT  CAP,  PROVIDED  BY  OWNER. 
PER  DIRECTION  OF  ENGINEER. 
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CAP.  SEE  CHWGF  ORDER  /S     STUm  SASiN  DESIGN 
ELEV.  PER  CHANGE  ORDER  /6  IS  JJ59.75.    AVERAGE 


SIUIING  BASIN  ELEVATION  AFTER  CONSTRUCTION  IS 
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,  Si^fVEY  DATED  W/9/97. 
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JOINT  LOCATIONS/THREADBAR  SPA 
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LDCATIDN 

T  =  TIME 

BETWEEN  LIFTS 

(HOURS) 

M  =  MATURITY 

(DEGREE  F  - 

HDURS) 

JDINT 
CLASS. 

PLAN  MARK 

AND 
SHEET  NO. 

Stilling  Bosin 
Top  Lifts  and 
Apron  Lifts 

T<4H 
T<4H 
T>4H 

M<210-H 
M>210*H 

Unci  OSS. 
Type  I 
Type   11 

L.J.  1 
S-6   S-U 
S-I6 

Tap  Lift  Qt 
Steps 

T<1BH 
T<18H 
T>IBH 

M<750'H 
M>750-H 

Unclass. 
Type  I 
Type   II 

L.J.  2 

S-I5 

S-8 

All  Other 
Lift   Joints 

T<36H 
T<36H 
T>36H 

M<1500'H 
M>1500*H 

Unclass. 
Type   I 
Type   II 

NOTE:  COORDINATE  WITH  EHTIRE  RCC  SPECinCAWN.     JOINTS  ARE  IN  SECTION  3.5 
or  OJIOO. 
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